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SECTION I 

A. INTRODUCTION 

8 

c 

4 '  

Internat ional  Spacec ra f t  U K - 2 / S - 5 2  i s  the r e s u l t  of a joint e f for t  
between t h e  Br i t i sh  National C a m m i t t e e  on  Space  R e s e a r c h  a n d  the 
United S ta t e s  National Aeronaut ics  a n d  Space Admin i s t r a t ion .  
the second of a s e r i e s  of united effor t  Spacec ra f t  and  is  d e s i g n e d  to 
complemen t  the functions of i t s  p r e d e c e s s o r ,  the UK-1  /S-51. 

T h i s  is 

Bas ica l ly ,  the object of such Spacec ra f t  i s  to  co l l ec t  da t a  and  t r a n s -  
m i t  that  data back t o  e a r t h .  A c lose -kn i t  e l e c t r o n i c s  organiza t ion ,  
with a thorough knowledge of the Spacec ra f t  and  the equipment  u t i l i zed  
in  tes t ing  the Spacec ra f t ,  i s  e s sen t i a l  to  a s u c c e s s f u l  conc lus ion  of the  
p ro jec t .  The E lec t ron ic s  T e s t  B r a n c h  h a s  e s t ab l i shed  a t e s t  t e a m  to  
examine ,  i n  conjunction with e x p e r i m e n t e r s  a n d  d e s i g n e r s ,  the p e r -  
f o r m a n c e  of the Spacecraf t  e l ec t ron ic s  for devia t ions  in a n y  m o d e  of 
opera t ion  under  envi ronmenta l  exposure ,  to co l l ec t  data  for ver i f ica t ion  
of p e r f o r m a n c e  c h a r a c t e r i s t i c s  under  t e s t ,  and  to in te l l igent ly  apply 
th i s  information t o  benefit  th i s  and subsequent  p r o j e c t s .  

T o  prof ic ient ly  p e r f o r m  e l e c t r i c a l  t e s t s  of the S p a c e c r a f t ,  t he  
E l e c t r o n i c s  T e s t  Team, unde r  the d i r ec t ion  of a n  E l e c t r o n i c s  T e s t  
Coord ina to r ,  will main ta in  a n  o;ganized e f fo r t  throughout  t h e  e n v i r o n -  
m e n t a l  t e s t  p r o g r a m .  The  test t e a m  is composed  of c a p a b l e  p e r s o n n e l  
a s s i g n e d  to the  p ro jec t  f r o m  E lec t ron ic s  T e s t  B r a n c h ,  Systems 
In tegra t ion  Branch ,  Expe r imen te r  Group ,  Design G r o u p  o r  C o n t r a c t o r  
pe r sonne l .  
and  know-how in a l l  p h a s e s  of Spacecraf t  tes t ing.  

. 

A team of th i s  composi t ion h a s  the  advantage  of e x p e r i e n c e  

B. ABSTRACT 

The UK-Z/S-52  Spacecraf t ,  wi l l  p roduce  t h r e e  e x , x r i m e n t s  c o m p l e -  
men t ing  the expe r imen t s  of the f i r s t  Spacec ra f t ,  UK- 1 /S -51 .  
e x p e r i m e n t s  a r e  Galact ic  Noise,  Ozone M e a s u r e m e n t  and  the  M i c r o -  
m e t e o r i t e  exper iment .  

T h e s e  

To qualify the r e l i ab i l i t y  of t h e  Spacec ra f t  a n d  i t s  ab i l i t y  t o  p e r f o r m  
the  intended expe r imen t s ,  a s e r i e s  of env i ronmen ta l  t e s t s  wil l  be 
accompl ished .  During these  tes t s ,  the  Spacec ra f t  wi l l  be  o p e r a t e d  t o  
e s t a b l i s h  the re l iab i l i ty  of t h e  opera t ing  p a r a m e t e r s  and  to  p rov ide  d a t a  

1 



in suppor  01 t h e s e  inaings.  An insr rumen a ion L o m p l e x  h a s  been 
developed t o  s t imu la t e  the expe r imen t  s e n s o r s  a n d  e x e r c i s e  the power 
and p r o g r a m m e r  functions f o r  obserL-ation rJf  t he i r  r e s p e c t i v e  r e s p o n s e s  
t o  d e t e r m i n e  that  the pe r fo rn iances  a r e  a s  intended, within al lowable 
l imi t a t ions .  Also,  t o  d e t e r m i n e  the levels  r equ i r ed  to ini t ia te  p e r -  
f o r m a n c e  and  the cons is tency  of these  levels .  

I t  i s  the intent of this  document to es tab l i sh  the  fundamenta ls  r e q u i r e d  
for  p r o p e r  tes t ing and accumula t ion  of d a t a .  
(a)  A r e v i e w  of the ins t rumenta t ion  requi red  f o r  the t e s t s ;  (b) the 
e s t ab l i shmen t  of a t e s t  t eam t o  s e t  up and pe r fo rm the t e s t s ,  t o  f ac i l i t a t e  

T h e s e  fundamenta ls  are: 

I the  acquis i t ion  of t e s t  da t a  and pe r fo rmance  c h a r a c t e r i s t i c s ,  a n d ( c )  to 
e s t a b l i s h  the t e s t  p rocedures  n e c e s s a r y  t o  a s s u r e  r e a d i n e s s  of the  

’ 

I 

Spacec ra f t  to pe r fo rm a s  intended during flight. 

In tes t ing  the Spacecraf t ,  it is expected that  deviat ions f r o m  n o r m a l  
p e r f o r m a n c e  will  occur  due t o  the -Jariations between theo ry  and  the  
p r a c t i c a l .  
a m e a n s  of obtaining data f o r  information pu rposes .  The  p r o p e r  appl i -  
ca t ion  of t h i s  information will  improve  the re l iab i l i ty  of the Spacec ra f t  
i n  f l ight  and  enable  g r e a t e r  a c c u r a c y  in the i n t e r p r e t a t i o n  of f inal  fl ight- 

Opera t iona l  tes t ing within ant ic ipated env i ronmen t s  p rov ides  

I 

da ta .  

2 
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SECTION I1 

A. IXSTRGhlENTA riON COMPLEX - G E N E R A L  - 

. 
-e 

? 

X comple te  instrumentat ion Spacecraf t  Flow C h a r t ,  F i g u r e  2 -  1, 
shows the Ins t rumenta t ion  Complex,  r e s e a r c h e d  and  designed by the  
a u t h o r s ,  H. Let-erone and N. Mandel l ,  which c o n s i s t s  of the cont ro l ,  
m e a s u r i n g ,  record ing ,  and display equipment with the i r  a s s o c i a t e d  
in te rconnec t ions  n e c e s s a r y  to provide  f o r :  (a)  E x e r c i s e  of the Space-  
c r a f t  power and p r o g r a m m e r  funct ions;  (b)  s t imula t ion  of Spacec ra f t  
e x p e r i m e n t s ;  ( c )  moni tor ing ,  r eco rd ing  and d isp lay  of subsequent  
opera t iona l  r e s p o n s e s ;  and (d) su rve i l l ance  of o the r  ava i lab le  opera t ing  
t e s t  point p a r a m e t e r s  f o r  the purpose  of evaluat ing that t h e  Spacecraf t  
i s  e l ec t r i ca l ly  pe r fo rming  a s  intended throughout i ts  t enu re  cf environ-  
m e n t a l  exposures .  

The o v e r a l l  ins t rumenta t ion  complex  conta ins  a l l  t he  equipment  and 
wir ing requi red  to accompl ish  the above f o r  the e n t i r e  s e r i e s  of 
envi ronmenta l  t e s t s  and launch. 
or ins t rumenta t ion  configurat ions m a y  be set up, a s  requi red ,  f o r  each  
individual r equ i r emen t .  However, the m o s t  i n t r i c a t e  configurat ion is 
involved during Thermal-Vacuum tes t ing ,  which en ta i l s  the use of 
m o s t  of the equipment .  F o r  this r e a s o n ,  the T h e r m a l - V a c u u m  i n s t r u -  
menta t ion  configuration is explained he re in .  

Var ious  combina t ions  of equipment  

The comple te  complex i s  v e r y  v e r s a t i l e  a n d  may be used  t o  p e r f o r m  

' 

e l e c t r i c a l  t e s t s  on the Spacecraf t  and subassembl i e s .  
the GSFC subassembly  capabi l i t i es  is included to s h o w  the  rapidi ty  in 
which suspec t  GSFC s u b a s s e m b l i e s  may be t es ted .  

A desc r ip t ion  of 

The con t ro l  and moni tor ing  in s t rumen ta t ion  r e q u i r e d  a t  the t e s t  
area a r e  shown in F i g u r e  2-2. 

The comple te  Instrumentat ion Schemat ic  i s  shown i n  Figure 2-3. 

I n  s t ,r urn en tat i on C o mp l e x  C he c k out P r o c e du re 

The cabl ing n e c e s s a r y  f o r  e l e c t r i c a l  t es t ing  of the S-52 s p a c e c r a f t ,  
shown in  f igu re  2 - 3 ,  in te rconnec ts  the Moni tor  pane l ,  S-52 Cont ro l  
Pane l ,  Spacecraf t  S imula to r ,  and the Vacuum C h a m b e r  f lange.  

1. The Spacecraf t  Simulator  provides  fo r  checkout  of the i n s t r u -  
menta t ion  complex connect ions p r io r  to connection to the s p a c e c r a f t  
f o r  t h e  following: 

3 
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I ’  a. C o r r e c t  pin a s s ignmen t s  

b. Cont inui ty  

c .  Insu la t ion  r e s i s t a n c e  ( g r e a t e r  t h a n  100 megohms)  

In addi t ion,  the  s i m u l a t o r  i s  used  to d e t e r m i n e  the compatibi l i ty  of 
c e r t a i n  s p a c e c r a f t  s u r f a c e  connector  p ins  p r i o r  to connecting the 
s p a c e c r a f t  t o  the  in s t rumen ta t ion  complex ;  e .  g . ,  p r e s e n c e  of ba t t e ry  
vo l t ages  and c i r c u i t  impedances .  

2. The Umbi l ica l  Checkout Box shown in  f igure  2 - 3 3 ,  a c c e p t s  the 
umbi l i ca l  c a b l e  which connec t s  to the s p a c e c r a f t  and p rov ides  m e a n s  for 
ver i f ica t ion  of p r o p e r  pin numbers ,  po la r i t i e s ,  and ampl i tudes  of a l l  
umbi l i ca l  funct ions gene ra t ed  by the S-52 Cont ro l  P a n e l  du r ing  environ-  
m e n t a l  t es t ing  and a t  the launch s i t e .  

3 .  The S - 5 2  Con t ro l  Pane!, u s e d  throughout envi ronmenta l  t es t ing  
and  at the launch  s i t e ,  p e r f o r m s  the following functions: 

a. 

b. 

c. Ev idence  of manua l  command.  

d.  

e.  

f .  

g. Mode hold. 

h .  Mode speedup. 

Opera t ion  of the  holdoff r e l a y  c i r c u i t  

C h a r g e  in to  a s imula t ed  Spacec ra f t  load. 

Ev idence  of Recycle  T i m e r  Speedup 1. 

Evidence  of Recycle  T i m e r  Speedup 2. 

Evidence  of Recycle  T i m e r  R e s e t .  

i. Mode  r e s e t .  

j .  S u n r i s e  Simulat ion.  

B. I N S  TRUM ENTA TION COMPLEX DESCRIPTION 

The  following desc r ip t ion  of t he  in s t rumen ta t ion - fo r  the t h e r m a l -  
vacuum coaf igura t ion  commences  with the ins t rumenta t ion  plug (upper  
left hand c o r n e r )  on the Spacec ra f t  Flow C h a r t ,  F i g u r e  2-1. 
d e s c r i p t i o n s  a r e  provided of t h e  in te rconnec t ions  and equipment  
encoun te red  a s  the flow p r o g r e s s e s  to the r igh t  and t e r m i n a t e s  in the 

Br i e f  
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Monitor  P a n e l .  
f o r  R-F T e l e m e t r y  which i s  d e s c r i b e d  l a s t  t o  f ac i l i t a t e  the desc r ip t ion  
of the DCMH, Data C e n t r a l ,  a l so  Ground Stat ion connec t ions ,  and 
followed :a i t s  t e rmina t ion .  

Each  connect ion on the left i s  t aken  in  t u r n ,  except  
. 

Configurat ion changes  r e q u i r e d  f o r  o t h e r  t e s t  f ac i l i t i e s  a r e  also 
- br ie f ly  explained.  

. 1. Ins t r cmen ta t ion  Plug 

The ins t rumenta t ion  t e s t  po in ts  and  power and  con t ro l  l i n e s  a re  
ava i l ab le  a t  t h r e e  s u r f a c e  mounted r ecep tac l e s  on t h e  S-52 Spacecraf t .  
The  Ins t rumenta t ion  r ecep tac l e  5500, the Turn -On  r e c e p t a c l e  5437, 
and the Umbi l ica l  r ecep tab le  J316. a 

The r e s p e c t i v e  wir ing  l i s t s  of these  t h r e e  c o n n e c t o r s  a r e  shown 
i n  T a b l e s  2 -1 ,  2 - 2 ,  and 2 - 3 .  All cabl ing is sh ie lded  a n d  i s  kept  a t  a 
m i n i m u m  in length.  

Commenc ing  with the ins t rumenta t ion  t e s t  points  ava i l ab le  on  J500, 
a ma t ing  plug P20 extends  the t e s t  points out th rough Spacec ra f t  cab le -  
i n s t rumen ta t ion  to f ive  (37 pin) connec tors  J - 1 1  through 5 - 1 5  which p r o -  
vide f o r  d i s t r ibu t ion  through a n  exis t ing T h e r m a l - V a c u u m  connec to r  
pene t r a t ion  f lange  and i t s  i n t eg ra l  cab le  t e r m i n a t i o n s  V - 1  th rough V-5.  

C a b l e s  ma t ing  with the  r e c e p t a c l e s  on the  t h e r m a l - v a c u u m  f langes  
extend the t e s t  points  to  (42  pin) r e c e p t a c l e s  (S1A through S1E) mounted  
in  a s t a t i o n a r y  junc t ion  box, one of which is ava i l ab le  a t  e a c h  t e s t  
fac i l i ty .  
ava i lab le  f o r  i n s t rumen t  a n d  r e c o r d e r  connec t ions  through ma t ing  p lugs ,  
and c a b l e s  t o  the  Moni tor  P a n e l  and  a “T” box which w i l l  be d e s c r i b e d  
l a t e r .  

T h e  S p a c e c r a f t  ins t rumenta t ion  t e s t  po in t s  are then m a d e  

A s c h e m a t i c  of the in s t rumen ta t ion  connec t ion  f r o m  P 2 0  t o  the 
. junct ion DOX is shown i n  F i g u r e  2-4. 

. 2. Moni tor  Panel 

The M o n i t o r  P a n e l  shown i n  F i g u r e  2 - 5 ,  des igned  b y  the a u t h o r s ,  
p rov ides  a c c e s s i b l e  t e rmina t ions  of the t e s t  po in t s  ( l i s t e d  in  T a b l e s  2-1 )  
brought  out th rough the S - 5 2  Ins t rumenta t ion  P l u g  5500 f o r  the p u r p o s e  
of mon i to r ing  the  ope ra t iona l  p e r f v r m a n c e  of the  Spacec ra f t .  

8 



TABLE 2-1 

25 
26 
27 
28 

I 1500 S-52 Instrumentation P l u ~  Cannon DDM-SOS-MM-6 

31 
32 
33 
34 
35 
36 
37 
38 
39 
40 

1 
2 
3 
4 
5 
6 
7 
8 
? 
10 
I 1  
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 

FUNCTION 

HS Reset (MSB-LS) 
LS Envelope 
Low Speed Video 
LS to Tape Recorder 
.M!4 Foil Advance Pulse 
Decoder Input 
Osc. Rate 
15V AC 1700 cps  
- 6 V  

3v 
7.5v 

-18V 
Ozone Spectrum 
Ozone EHT 
LS Gate B (-6V M1) 
GN Sweep Monitor 
DROD A 
L(MS E -M S) 
High Speed Video 
Transmitter Modulation 
Tape Recorder Playback 
osc. + 10 
IROD 
Motor Drive Frcq. TPl 
Signal Ground 
-4V 

6V 
12v 

Ozone Amplifier (01) 
GN IS 
GN Banery Charge Point A 
GS Battery Charge Point B 
HS Gate C (OV MI) 
T(55.cps) 
Low Speed before 48 
Tuning Fork Kill 
2 Second Gate 
osc 2 + 10 
Decoder Output 
Motor Drive Frequency TP2 
15 V AG 1700 cps 
-3v 

Spare 

6.5V 
15v  

C'nregulated Bus after w relay 
Monitor Amplifier (02) 
GN HS 
GN Battery Negative (Gnd) 
DROD B 

1 Spare Pin 

9 

SOURCE 

Encoder 1 
Encoder 1 
Encoder 1 
Prog. # 1 
Prog. rt2 
Decoder 
DSC 
BCP 
TB202 
TB201 
TB203 
One Year Timer A 
Sample and Hold 
Ozone Elect. 
Prog. A 2 
ON Radiometer 
P190 
Encoder 2 
Encoder 3 
Tx 
Prog. # 1 
UV Det. & RT 
J 190 
D X  
TB2Ol 
TB203 
TB202 
TB203 

Sample and Hold 
PI90  
GN Battery 
GN Battery 
Prog. # 2 
Encoder 1 
Encoder 1 
Encoder 3 
Prog. # 1 
UV Det. & RT 
Dec d e r  
DSC 
DCP 
TB201 
TB202 
Inverter 
Invener 
Sample and Hold 
Encoder 3 
GN Battery 
P l o p  

._ . 



TABLE 2-2 

1 
I J437 S - 5 2  Turn On Plug Cannon DCM-37s-NH 

FUNCTION 

spare 

spare 

spare 

Battery A IN 

Battery A IN 

Battery B IN 
Spare 
Battery B IN 
Spare 
Solar Paddle Current 
Spare 
Solar Paddle Current IN 
Spare 
One Year Timer A IN 
One Year Timer B IN 
Spare 
Galactic Noise IN 
Galactic Noise IN 
Spare 

Battery A OUT 

Battery A OUT 

Battery B OUT 

Battery B OUT 

Solar Paddle Current O L I  

Solar Paddle Current OUT 

One Year Timer A OUT 
One Year Timer B OUT 

Galactic Noise OUT 
Galactic Noise OUT 

SP- 

%=e 

SP- 

spare 

spare 

SP* 

spare 

SP- 

17 Spare Pins 

I 

o j  
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TABLE 2-3 

J 316 S-52 L'mbilical Plug Bendix PTOO-P-20-24S 

PIN 

A 
B 
C 
D 
E 
F 
G 
H 

K 
L 
N 
N 
P 
R 
S 
T 
U 
V 
W 
X 
Y 
Z 
a 

J 

FUNCTION 

Solar Bus 
HoId Off Relay Activate 
Manual Command 
Solar Bus (Monitor Only) 
Power Gnd (Monitor Only) 
Power Gnd 
Spare 
Cycle Hold 
Cycle  Reset 
Cycle Speed-Up 
Sunrise Simulate 
Spare 
Spare 
Recycle Timer Speed-Up 17 
Recycle Timer Speed-Up 22 
O K  Reset 
spare 
spare 

Spare 

spare 

Spa re 
Spare 

Spare 

Spare 

11 Spare Pins 

11 

- 
SOURCE 

TBlOl 
BCP 
Prog. R 1  
TB 101 
TB102 
TB102 

Prog. #Z 
Prog. # 2  
Prog. 2 2  
Prog. $ 2  

UV Der. 8i RT 
W Det. & RT 
W Det. & RT 
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Figure  2-5. Monitor  Panel 
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T e r m i n a t i o n s  a r e  made  in GR banana j a c k s  mounted  3/4" on c e n t e r  
to  p e r m i t  s ing le  lead  connect ions o r  u s e  of the shielded p a i r  G R  con- 
n e c t o r s  f o r  connect ing m e a s u r i n g  in s t rumen t s .  

I 
I 

The t e r m i n a l s  a r e  labe led  cons is ten t  with t h e  i n s t rumen ta t ion  plug 
pin a s s ignmen t s .  
f o r  the cont ro l  connect ions of the s e n s o r  e x c i t e r s  f o r  s t imu la t ing  t h e  
Space c ra f t  expe  r i m e n t s  . 

The e n u m e r a t e d  t e rmina l s  pref ixed  b y  a "C" are  u s e d  

All  wi r ing  is twis ted  p a i r ,  shielded.  One of the twis ted  p a i r  is 
designated the s igna l  lead  f o r  e a c h  t e s t  point and  i s  connected t o  the  
r e d  jack. A l l  
sh ie lds  t e r m i n a t e  i n  the black j acks  and  a r e  s ingle-point  grounded a t  

The  o the r  unused lead i s  connected to the yellow jack. 

t h e  Monitor  Pane l .  0 
T h r e e  m o n i t o r  pane ls  have been fabr ica ted  and  instal led f o r  t he  

durat ion of S-52 tes t ing,  one i n  e a c h  junction box loca ted  in the fol low- 
ing a r e a s :  Acceptance A r e a  (500), T e m p e r a t u r e  Humidi ty  A r e a  (234), 
and  T h e r m a l - V a c u u m  A r e a  (237) .  The  a s s o c i a t e d  mon i to r  p a n e l  c a b l e s  
r ead i ly  m a t e  with the ex is t ing  a r e a  junction box f ac i l i t y  cables .  

3 .  P r o g r a m m a b l e  S t r i p  C h a r t  R e c o r d e r  

T o  au tomate  the r eco rd ing  of the  e x p e r i m e n t  output s i g n a l s  to the  
Spacec ra f t  encode r  which a re  avai lable  at  t h e  Monitor  Pane l ,  a Pro- 
g r a m m a b l e  S t r i p  C h a r t  R e c o r d e r ,  F i g u r e s  2 - 6  a n d  2-7,  ha5  been set 
up. Shielded cabl ing  i s  used  i n  the sys t em to  t r a n s f e r  the s i g n a l s  from 
the  S p a c e c r a f t  to  a P r o g r a m m a b l e  Input S e l e c t o r  loca ted  a t  the Moni to r  
P a n e l  and t o  ga lvanomete r  ampl i f i e r s  and ga lvanomete r s  f o r  r eco rd ing .  
The  P r o g r a m m a b l e  Input Se lec to r  provides  for push  button s e l e c t i o n  a n d  
connect ion of g roups  of r e l a t ed  s igna ls .  
vided in the P r o g r a m m a b l e  S t r i p  Char t  Record  fo r  Ca l ib ra t ing  e a c h  
r e c o r d i n g  p r i o r  t o  a n d / o r  a f t e r  the s ignals  a r e  recorded. 

A Voltage C a l i b r a t o r  is p r o -  

The eff ic iency of th i s  s y s t e m  i s  appa ren t  s i n c e  i t  e l i m i n a t e s  the  
h a z a r d s  of connecting and disconnect ing t e s t  l e a d s  from the  Moni tor  
P a n e l  t o  the  Ga lvanomete r  Amplif iers .  I .  

The P r o g r a m m a b l e  S t r i p  C h a r t  Recording S y s t e m  c o n s i s t s  of a 
P r o g r a m m a b l e  Input Se lec to r ,  th i r ty-  six ga lvanomete r  a m p I i f i e r s ,  a 
t h i r t y -  s i x  channel  S t r i p  C h a r t  Recorde r ,  and  a Voltage C a l i b r a t o r .  

. 
I 
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Though only four  channels  of the r e c o r d e r  a r e  set up for the 
p r o g r a m m a b l e  s y s t e m ,  thir ty- t \vo channels  a r e  ava i lab le  f o r  r e c o r d -  
ing o the r  inputs e i t h e r  s e p a r a t e l y  o r  concur ren t ly  with the se l ec t ed  
s igna l s .  

T h e  g raph ic  r e c o r d  of e a c h  expe r imen t ,  a f t e r  r e m o v a l  f r o m  the 
osc i l l og raph  r e c o r d e r ,  wil l  be examined by concerned  t e s t  p e r s o n n e l  
f o r  i t s  p rox imi ty  t o  an t ic ipa ted  resu l t s .  It wi l l  then b e  identified and 
a n y  unusual va r i a t ions  with probable  explanat ions will  be noted  the reon  
f o r  t he  benefit of the  a p p r o p r i a t e  e x p e r i m e n t e r  who wi l l  then r e c e i v e  it 
f o r  examination. 

a.  P r o e r a m m a b l e  Input Se lec tor  

The  P r o g r a m m a b l e  Input Se lec to r  located in the junction box j u s t  
above the Monitor P a n e l  w a s  designed by H. Leve rone  and N. Mandell, 
F i g u r e  2-8 .  
c a b l e  t o  the junction box and dis t r ibuted to the Monitor  P a n e l .  A p r e -  
w i r e d  a r r a n g e m e n t  f r o m  the G R  connec to r s  on the Monitor  P a n e l  to the 
Input Se lec to r  e n a b l e s  the  o p e r a t o r  t o  s e l e c t  any  of s i x  pos i t ions  f o r  
con tac t  with the osc i l l og raph  galvanometer  a m p l i f i e r s  b y  ac tua t ing  the 
"Advance" button swi tch  which picks up the exper iment  da ta  as shown 
on F i g u r e  2-8. 
pos i t ion  in contact.  
funct ions a r e ,  f r o m  lef t  t o  right: 

Spacec ra f t  expe r imen t  outputs a r e  t r a n s f e r r e d  v i a  sh ie lded  

A l ight  will appea r  on the pane l  with the  name  of the 
The  s i x  posi t ions on the Input S e l e c t o r  and  their 

"Home" - All ins t rumenta t ion  is d isconnec ted  from the  test points 
a t  t he  input of the se l ec to r .  

"Cal ibrate"  - Prov i s ions  f o r  ca l ibra t ion  of all  f o u r  t r a c e s  on t h e  
osc i l l og raph  e i t h e r  p r i o r  t o  a n d / o r  following a record ing ,  see F i g u r e s  
2-6  and  2 - 9 .  

'IMM" - M i c r o m e t e o r i t e  e x p e r i m e r t  for r eco rd ing  on the oscillo- 
g r a p h  cha r t .  

I IGNI 1 - Galact ic  Noise expe r imen t  f o r  r eco rd ing  on the  osc i l l og raph  
c h a r t .  

" 0 2 "  - Ozone expe r imen t  f o r  r eco rd ing  on the osc i l lograph  cha r t .  

"Spare" - P e r m i t s  the ass ignment  of addi t ional  inputs  which may 
be required.  
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b. Galvanomete r  A m p l i f i e r s  

T h i r t y - s i x  ga lvanomete r  ampl i f i e r s ,  des igned  by the  a u t h o r s ,  
( F i g u r e  2-10) ,  have  been added t o  the S t r i p  C h a r t  R e c o r d e r  by ETB 
per sonne l  in  o r d e r  t o  p r o v i d e  the n e c e s s a r y  gain t o  ampl i fy  the  low 
l e v e l  input s igna l s  t o  d r i v e  the l o w  impedance  g a l v a n o m e t e r s .  
impedance  of t hese  a m p l i f i e r s  is g r e a t e r  than one megohm,  the  f re-  
quency r e s p o n s e  exceeds  100 KC and  the i r  s ens i t i v i ty  c a n  be a d j u s t e d  
o v e r  a wide r a n g e  of values .  C u r r e n t l y  the  sens i t i v i ty  is 1 vol t / inch .  

The  input  

c. S t r i p  C h a r t  R e c o r d e r  

A 36 channel  CEC 5-123 S t r i p  Char t  R e c o r d e r  shown  i n  F i g u r e s  2-6' 
and  2 -7 ,  has been p rov ided  t o  m a k e  r e c o r d i n g s  of the  s i g n a l  outputs  
f r o m  the  S p a c e c r a f t  e x p e r i m e n t s .  

The r e c o r d e r  c h a r t  s p e e d s  r ange  f r o m  0 . 1  i n c h e s / s e c o n d  t o  160 
i n c h e s / s e c o n d  with t iming  l i n e s  a t  1, 10 o r  100/second.  7-364 m o d e l  
g a l v a n o m e t e r s  whose  f r e q u e n c y  r e sponse  ex tends  to 0 . 6  KC a r e  used. 
F o u r  g a l v a n o m e t e r s  a r e  s e t  up as shown in F i g u r e  2-6 t o  p rov ide  the 
ac t ive  s igna l  t r a c e s .  
t o  p rov ide  t r a c e s  coincident  with the f o u r  s i g n a l  traces giving a z e r o  
r e f e r e n c e  t r a c e  a n d  a l so  s e r v e  as a spare. 

Four m o r e  g a l v a n o m e t e r s  a re  s e t  u p  m e c h a n i c a l l y  

d. Voltage C a l i b r a t o r s  

The vol tage c a l i b r a t o r s  loca ted  on the r e c o r d e r  m a y  be u s e d  t o  
c a l i b r a t e  all channels  a t  once  wi th  0-5V in 1 / 2  a n d / o r  1 volt s t e p s  and 
0-1V i n  0. 1 volt  s t e p s ,  s e e  F i g u r e s  2-11 a n d 2 - 1 2 .  
a d ig i ta l  v o l t m e t e r  and r e s i s t o r s  u s e d  a r e  a c c u r a t e  t o  within 0.1%. 

Voltage is set  with 

4. Turn-on  Plug 

P l u g  P21 m a t e s  t o  the  S p a c e c r a f t  Turn -On  (5437) r e c e p t a c l e  and 
brings out the  S p a c e c r a f t  power  and  con t ro l  l i nes  through the S p a c e c r a f t  
Turn -On  c a b l e  t o  the t h e r m a l - v a c u u m  f lange connec t ion  V - 6 .  The lines 
are extended to the junct ion box mounted r e c e p t a c l e s  S1X and S l y .  
From mat ing  S1X andS1Y p lugs ,  the l ines a r e  t e r m i n a t e d  at t h e i r  
a p p r o p r i a t e  c o n t r o l  and  m o n i t o r  po in ts  on the  S -52  P o w e r  a n d  P r o -  
g r a m m e r  Con t ro l  P a n e l  t h rough  3 7  pin amphenol  connec t ions  J36  and 
537. 

20 
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INST RC \.IENTATION PREPA4RAT ION 

STC Setup Str ip  Chart R e c o r d e r ,  P r o g r a m m a b l e  Input Channel  Se lec tor  
and Cal ibra tor .  

Verify Input connections.  

Selector  Pos i t ions  Home Cal .  MM GN Ozone 

I 5 2V/ in .  T iming  T iming  T i m i n g  

C h a r t  Cal speed 0.4 in / sec .  

C h a r t  Sig.  speed  1.6 i n / s e c .  

NOTE: C h a r t  speed  se lec tab le  .l i n c h / s e c .  to 160 in/sec. 
Cal ibra t ion  se lec tab le  0 - 5 V  in  1V steps, 0-5V in 1/2V steps,  
and 0-1V i n  0.1 volt  steps.  

22 
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Y A N  1 
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4 A N  2 

I 
CHAN 4 G A L A C T I C  NOISE 

CHAN 2 GALACTIC NOISE 
BWE- 

H I G H  SPEED E N C W  
INPUT 

C W A N  3 GALACTIC NOISE 
LON SPEED ENCODER 

I 
ZERO REkRENCE TRACES ?- 

Tsv 
CALIBRATION 

0 - S V  IN Y 2 V  
STEPS 

C H A N  4 

Figure 2-1 2. Sample S t r i p  Chart  Using P r o g r a m m a b l e  
S t r i p  C h a r t  Recording System 
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5 .  Umbil ical  P l u g  

. 

P l u g  PZ2 m a t e s  to the Spacecraf t  Umbil ical  receptab le ,  (J316) and 
b r i n g s  the p r o g r a m m e r  c o n t r o l  l i n e s  through t h e  Spacec ra f t  Umbi l ica l  
cable  to  the the rma l -vacuum flange connect ion V - 7 .  
cxtended f r o m  t h i s  point i n  t h e  Same m a n n e r  as  the l ines  of t h e T u r n - O n  
p l u g  as  indicated above. 

The  l ines  a r e  

6.  S-52 P o w e r  and  P r o g r a m m e r  Con t ro l  P a n e l  

The  Opera t iona l  S-52 Power  and P r o g r a m m e r  Con t ro l  P a n e l  
r e f e r r e d  to a s  the "Cont ro l  P a n e l , "  p ic tured  in F i g u r e  2-13, provides  
f o r  the e x e r c i s e  and  monitor ing of the subsequent  r e s p o n s e s  of the 
following S-  52 Spacecraf t  functions \chich a r e  br ie f ly  desc r ibed .  
21 inch Con t ro l  Panel is mounted in a mobi le  r a c k  with the  r equ i r ed  
power  suppl ies ,  a dig i ta l  vo l tmeter  and its a s s o c i a t e d  p r i n t e r  a s  shown 
in F i g u r e  2-14. T h e  schemat i c  d i a g r a m  of the Con t ro l  Pane l ,  i t s  
a s s o c i a t e d  power suppl ies  a n d  their  connect ions to the S-52 Spacec ra f t  
Umbi l ica l  (J316) and Turn-On (5437) connecti 'ons a r e  shown i n  the 
Spacec ra f t  F low C h a r t ,  F i g u r e  2-1. 

The 

The  Cont ro l  P a n e l  des igned  a n d  f ab r i ca t ed  b y  H. Leve rone  and 
N. Mandel l  was comple t ed  on 27 July 1962 for u s e  throughout  in tegra-  
t ions ,  env i ronmen ta l  t es t ing  and in the blockhouse dur ing  the launch 
phas-e. 

FUNCTIONS 

a. On-Off Con t ro l  of Spacec ra f t  

T h e  toggle swi tch  labe led  "Payload ON - Payload  OFF"  connec ts  
p lus  1 2  vol t s  f r o m  a n  e x i e r n a l  power supply t o  ac tua t e  the Spacecraf t  
Hold-off re lay .  An in  l ine  "Hold Off Relay  Cur reh t ' !  m e t e r  m o n i t o r s  
t he  r e l a y  c u r r e n t .  
c ond i t ion. 

A red l a m p  i l lumina tes  indicating payload "ON" 

b. Ba t t e ry  C u r r e n t  Recording 

A continuous r eco rd ing  of the behavior  of the c h a r g e  and  d i s c h a r g e  
c u r r e n t s  of each Spacec ra f t  ba t t e ry  "A" and ' ' B f t  i s  provided by a pair 
of R u s t r a k  c h a r t  r e c o r d e r s  respec t ive ly  w i r e d  in  s e r i e s  with each  
s p a c e c r a f t  ba t t e ry  through the Turn-On plug (J437), pins 2 and 8 
r e spec t ive ly .  
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c .  Sys tem Voltage Record ing  

A continuous record ing  of the behavior of the s p a c e c r a f t  s y s t e m  
voltage is m a d e  on a th i rd  R u s t r a k  r e c o r d e r  ( s o  l abe led )  connec ted  t o  
the unregulated buss  through the Umbil ical  i so l a t ed  vol tage  mon i to r ing  
c i r c u i t  a t  pins I'D" (plus  voltage) and  "E" (Ground) .  
Int B a t t e r y  voltage monitor ing i s  avai lable  p lus  c u r r e n t  th rough u s e  of 
c u r r e n t  p r o b e s  and H P  428B. 

P r o v i s i o n s  f o r  

F o r  m o r e  a c c u r a t e  m e a s u r e m e n t s  of s y s t e m  vol tage,  the  i so la ted  
voltage moni tor ing  c i r c u i t  is ava i lab le  at GR j a c k s  J10 (p lus)  and  J 1 1  
(negat ive) .  GR jack J9 i s  connec ted  to the s p a c e c r a f t  p o w e r  ground.  

The  toggle switch "A. C. Power"  c o n t r o l s  the  110 VAC supply  to  
the t h r e e  Rus t r ak  c h a r t  d r ive  m o t o r s .  

d. P o w e r  Function Switch 

The  six posit ion wafer  swi tch  p rov ides  for the  fol lowing cont ro l :  

IIOFF" posit ion - n o  power connec t ions  a r e m a d e  t o  the  Spacec ra f t .  

"Ba t t e ry  ' A '  a n d  ' B r t t  pos i t ion  - The s p a c e c r a f t  b a t t e r i e s  "A" and  
"B'l connect ions  a r e  broaght  out of the  Turn-On plug p ins  2 and 8 
re spec t ive ly  through the i r  r e s p e c t i v e  R u s t r a k  r e c o r d e r s  a n d  r e t u r n e d  
t o  the spacec ra f t  ba t t e ry  switching ne twork  on p ins  21 and  27 r e s p e c t i v e l y  
on the Turn -On  plug. T h e s e  connect ions p e r m i t  o b s e r v a n c e  of Space -  
c r a f t  p e r f o r m a n c e  on in t e rna l  ba t t e ry  opera t ion  and u n d e r  t h e  v a r i o u s  
imposed  e x t e r n a l  charging c u r r e n t  condi t ions.  

"Ext. A" posit ion - E x t e r n a l  power supply "A" only i s  supplying 
the  S p a c e c r a f t  sys t em power through pin 21 of the T u r n - O n  P l u g ,  the 
s p a c e c r a f t  b a t t e r i e s  I'A" and "Bl' a r e  disconnected.  T h e  pu rpose  for 
t h i s  connect ion i s  to  p e r m i t  c e r t a i n  t e s t s  which r e q u i r e  va r i a t ion  of the  
s p a c e c r a f t  s y s t e m  voltage f o r  example ,  the  undervol tage  t e s t ,  where in  
the  supply voltage must be lowered  below the n o r m a l  b a t t e r y  vol tage.  0 A l s o  provides  m e a n s  of ca l ib ra t ing  PP-7. 

"Ext. B" position - p e r m i t s  t he  u s e  of e x t e r n a l  power  supply  "B" 
i n  l ike  m a n n e r  to  ex te rna l  power supply "A". 

"Ext.  A and B" posit ion - Both in te rna l  s p a c e c r a f t  b a t t e r i e s  "A" 
and "B" a r e  respvct ive ly  r ep laced  by ex te rna l  power supp l i e s  "A" and 
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IIBI1. 
permi t t ed  and e x e r c i s e  of bat tery switching,  f o r  example ,  c a n  be made. 

The r e q u i r e d  lower ing  of s p a c e c r a f t  s y s t e m  vol tage  i s  now 

"Blockhouse" posi t ion - This  posi t ion i s  ident ical  to "Batt A & B" 
posit ion.  
not brought back t o  the  blockhocse. 
power  supply "A"  i s  connected to the S p a c e c r a f t  s o l a r  buss  t h r o u g h  pin 
A of the umbi l ica l  connec tor  to provide the  c h a r g i n g  capabi l i ty .  

However ,  a t  the launch s i t e  the TurnLon  plug c o n n e c t i o n s  a r e  
T h e r e f o r e ,  in t h i s  pos i t ion ,  e x t e r n a l  

e. B a t t e r y  Charg ing  

C h a r g e  of t h e  Spacec ra f t  ba t t e r i e s  m a y  b e  e x e r c i s e d  t h r o u g h  the 
actuat ion of t h e  "Charging ON-Charging O F F "  toggle  swi tch  t o  '.'ON'' 
and when t h e  Power Funct ion switch is  i n  t h e  "Bat t  A a n d  B" or  "Block-  
house" posi t ion,  a l amp  i l lumina tes  ind ica t ing  the c h a r g i n g  swi t ch  is 
"ON". 

A pa i r  of 3 inch pane l  m e t e r s  cont inuous ly  m o n i t o r  the c h a r g i n g  
vol tage and c u r r e n t  respec t ive ly .  

E x t e r n a l  power supply "A" is connec ted  through pin A of the  
Umbil ical  plug to the unregulated b u s s  f o r  cha rg ing  e x e r c i s e s .  The 
specif ic  c h a r g e  r a t e  i s  ad jus tab le  by t h e  vol tage c o n t r o l  and c u r r e n t  
l imi t  c o n t r o l  on e x t e r n a l  power  supply "A". 

A toggle  swl tch  "100 P e r c e n t  C h a r g e  - 60-40  Charge"  i s  p rov ided  
to p e r m i t  e x e r c i s e  of t h e  two e x t r e m e  o r b i t a l  c h a r g e  condi t ions ,  l t l O O % t '  
where  the Spacec ra f t  is in  ful l  sunlight o r b i t  and r e c e i v e s  c h a r g i n g  
e n e r g y  cont inuously,  and  the  "60-40" r a t e  in which c h a r g i n g  c u r r e n t  is 
ava i l ab le  60 minutes  and the Spacec ra f t  m u s t  o p e r a t e  s o l e l y  on b a t t e r i e s  
f o r  4 0  minutes .  
"60-40" cha rg ing  c y c l e  automatical ly .  

An e l e c t r i c a l  t i m e r  in t h e  C o n t r o l  Pane l  p r o v i d e s  the 

hlodulat ion of thc cha rg ing  power of the  magnitude and p e r t u r b a t i o n  . r a t e  e x p e r i e n c e s  by t he  spacec ra f t  solar paddle i n  o r b i t  is accompl i shed  
through the "hlodulated" posit ion of the  "Modulated-Normal"  togg le  
switch.  
connected t o  the r e m o t e  p rogramming  c i r c u i t r y  of e x t e r n a l  power  supp ly  
"A", which p e r m i t s  con t ro l l ed  modulation of t h e  output power .  The 
"Normal"  posi t ion of t h i s  swi tch  p e r m i t s  c h a r g i n g  u n d e r  c o n s t a n t  
power conditions.  

In the "Modulated" position, a func t ion  g e n e r a t o r  ( H P  232A) is 

2 9  



f .  Dumping 

The Spacecraf t  d i s s ipa t e s  excessive charg ing  c u r r e n t  a c r o s s  a pa i r  
of 10  ohm "Dumping" r e s i s t o r s .  The voltage d r o p  a c r o s s  these r e s i s -  
t o r s  under  this  conditions is available for  m e a s u r e m e n t  a t  GR jacks  54 
( r e s i s t o r  A ) ,  56 ( r e s i s t o r  B ) ,  and J 5  (common positive). 

NOTE: Th i s  measu remen t  is above  spacec ra f t  
common and m u s t  be measu red  with a n  in s t rumen t  
having a n  i so la ted  input. 

g. P r o g r a m m e r  #2 

Cont ro l s  f o r  " P r o g r a m m e r  if 2" functions avai lable  through the 
Spacec ra f t  Umbi l ica l  connector  fo r  use in tes t ing and a t  the launch s i t e .  0 

"Hold" toggle switch suppl ies  + 1 2  volts to hold the Spacecraf t  
t e l eme t ry  i n  mode  2 s ta tus  (ozone)  i n  the t t 60 minu te  portion of 110 
minute  cyc le .  

"Speedup" toggle switch suppl ies  +12 vol ts  t o  r educe  the t e l eme t ry  
mode cycle  f r o m  110 minutes  to approximate ly  11 minutes .  

h. S o l a r  P a d d l e  Voltage 

So la r  paddle voltage toggle switch appl ies  10 vol ts  ( H P  7214) to the 
s u n r i s e  sens ing  c i r c u i t r y  to  p e r m i t  the init iation of t h e  mode  2 - 1  cycle .  
A 3 inch panel  m e t e r  "Solar Paddle  Voltage" m o n i t o r s  the voltage 
applied.  
to  a digi ta l  vo l tmeter  in o r d e r  to de termine  the t r i g g e r  leve l  of the 
s u n r i s e  reus ing  c i r c u i t r y  by adjustment of the power  supply voltage 
c ont r 01. 

A pa i r  of G R  j ack  "S. P. V. ' I  a r e  provided  to accept  connect ions 

To p e r m i t  a r ea l i s t i c  s imulat ion of spacec ra f t  sun r i se ,  t w o  10 ohm 
r e s i s t o r s  will  be so lde red  between t e rmina l s  E28 and E6 on one s o l a r  
paddle a r m  and be tween E30 and E12 on the o the r  s o l a r  paddle arm. 
N o  s o l a r  paddles  on at th i s  t ime.  

0 
. 

i .  P r o g r a m m e r  #1 

To provide a m o r e  comprehens ive  eLTaluation of the " P r o g r a m m e r  
# 1" funct ions avai lable  through the spacecraf t  Umbi l ica l  connector ,  the 
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Osc i l l a to r  R a t e s  1 and  2 a r e  indicated on the one inch  panel  m e t e r s  
r e spec t ive ly  labeled.  

"Osc i l la tor  Decade CounterP" - ind ica tes  the to ta l  number  of 
r e spec t ive  osc i l l a to r  counts  exper ienced  .during an undervol tage pe r iod ,  

"Bnc" connect ions a r e  provided f o r  each  undervol tage osc i l l a to r  t o  
p e r m i t  m o r e  a c c u r a t e  m e a s u r e m e n t  of the osc i l l a to r  pe r iods .  

"U V Speedup" - a p a i r  of toggle swi t ches  p e r m i t s  independent 
speedup of each  undervol tage de tec tor  o sc i l l a to r  from 18 hours to  
approx ima te ly  5 minu tes .  

k. E x t e r n a l  P o w e r  Supplies 

des ign  on the bench  t e s t  unit, by Dave Clem of F l igh t  R-F Sys tems ,  was 
i nco rpora t ed  in  the  S -  52 Control  Pane l .  

"hlanual  Command" push button ini t ia tes  the  playback mode of the 
Spacec ra f t  ( t ape  r e c o r d e r  playback).  

"P layback  T i m e r "  - A one inch m e t e r  ind ica tes  the puls ing of t h e  
playback t iming osc i l l a to r  and  a c o u r s e  m e a s u r e m e n t  of the  o s c i l l a t o r  
r a t e  is indicated.  

"P layback  T i m e r  Decade Counter ' '  - ind ica tes  the total  n u m b e r  of 
counts  the osc i l l a to r  m a k e s  during the  playback per iod .  

"P. B. Osc .  Bnc. connector  - prov ides  f o r  the cor,nection of a 
counter  to o b s e r v e  the playback t i m e r  osc i l l a to r  per iod  m o r e  accu ra t e ly .  

j. Undervol tage Detector  and Recyc le  T i m e r  

(1) E x t e r n a l  P o w e r  Suppl ies  A and  B 
Trygon M36-5 
0-50 Vol t s  0-5 a m p s  
0. 05% regula t ion  
0. 05% s t ab i l i t y  
1. 0 mi l l ivo l t  max imum ripple  
C u r r e n t  l imit ing,  adjustable  
Over  volt a g e  protect ion 
Remote  vol tage control  
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( 2 )  t 2 5  Volt and  t6 V o l t  suppl ies  
Hewlett P a c k a r d  721-A 
0. 3% regula t ion  
0 .  15 mi l l ivo l t  r ipp le  
C u r r e n t  l imi t ing  
0-30V 0 -150  ma 

( 3 )  + 12  Volt and  -6  Volt suppl ies  
H a r r i s o n  L a b s  855B 
0-18V 0-1. 5 a m p  
0. 0370 regulat ion 
0. 5 mi l l ivo l t  r i pp le  
Over load  pro tec t ion  
C u r r e n t  l imi t ing  

S p a c e c r a f t  S imula to r  

The Spacec ra f t  S imula to r  shown in F i g u r e s  2-  1 5  and 2 -  16 prov ides  
ma t ing  s p a c e c r a f t  r e c e p t a c l e s  which accept  the Ins t rumenta t ion ,  Turn- 
On, and Umbi l ica l  connec t ions  t o  the Spacec ra f t ,  f r o m  the- Ins t rumen ta -  
t ion Complex.  Al l  the l eads  a r e  appropr ia te ly  l abe led  and t e r m i n a t e d  in 
GR j a c k s  mounted  on a sui table  c h a s s i s .  The Spacec ra f t  S imula to r  p r o -  
v ides  pro tec t ion  f o r  t h e  Spacec ra f t  by  pe rmi t t i ng  a comple te  compatibi l i ty  
checkout  of the Ins t rumenta t ion  Complex p r i o r  to  making  the  f i r s t  cab le  
connec t ions  to the Spac ec raf t .  

The  p r o p e r  opera t ion  of the Ins t rumenta t ion  Complex  by the appli- 
ca t ion  of a p p r o p r i a t e  Spacec ra f t  s imula ted  s igna l s  through a s e t  of 
c a b l e s  provided to  connec t  the Spacecraf t  S imula to r  to the S - 5 2  Space- 
c r a f t .  

Th i s  f e a t u r e  of making  the Spacecraf t  connec t ions  readi ly  available 
wi l l  be benef ic ia l  i n  those  t e s t  a r e a s  where the Monitor P a n e l  is not  
n o r m a l l y  ava i lab le  and  w h e r e  the flight T u r n - O n  plug i s  used .  

T h e  S - 5 2  Cont ro l  Pane l ,  Monitor  Pane l ,  S/C Signal  S imula to r ,  and 
in te rconnec t ing  c a b l e s  thus f a r  desc r ibed  a r e  shown in F i g u r e  2-16 a f t e r  
a p r e - i n s t a l l a t i o n  checkout  ut i l iz ing the Spacec  raft, S imula tor .  A l l  c a b l e s  
w e r e  f a b r i c a t e d  by the E T B  S-52 personnel  with the except ion of the 
T h e r m a l - V a c u u m  f lange a n d  i ts  integral  c a b l e s  V -  1 through V - 7  which 
a r e  suppl ied by Mr. Dave Wiener  of 322. 

. 
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8. Ins t rument  R a c k  

. .  

The  following Ins t rumen t  Rack w a s  assembled t o  r ead i ly  provide  the 
in s t rumen t s  requi red  to  moni tor ,  m e a s u r e  a n d  r e c o r d  the ava i lab le  
Spacec ra f t  p a r a m e t e r s  a t  the Monitor  P a n e l .  
the r e a d e r ,  a v e r y  brief descr ip t ion  of t h e  i n s t r u m e n t s  capab i l i t i e s  wil l  
be glven with r e f e r e n c e  t o  i t s  use  f o r  a typ ica l  m e a s u r e m e n t .  

To  prec1:ide burdening 

a. Oscil loscope - (Tek t ron ic s  T y p e  R M 3 5 A  with Type  CA 
Ver t i ca l  A m p l i f i e r  

C h a r a c t e r i s t i c s  - 
Dual t r a c e  - DC wide-band high gain 
Ver t i ca i  deflection - 50 r n v / c r n  t o  20 v / c m  
Ri se  t ime  and passband - 2 5  u s e c  dc t o  1 4  mc 
Sweep Range - 0.1 u s e c / c m  t o  5 s e c / c m  
Input Impedance - 1 meg. 20  uuf 

This  osci l loscope i s  u s e d  f o r  f ibserving the w a v e f o r m s  of,  (a) both 
p h a s e s  of t h e  spacec ra f t  m o t o r  dr ive  s i g n a l s ;  (b)  m e a s u r e  of encoder  
synchronizat ion;  ( c )  expe r lmen t  output signa!s; a n d  (d)  o the r  functions.  

b. Coun te r s  - Hewle t t -Packa rd  Type 523CR 

C ha rac t e ris t ic s - 

M e a s u r e s  - f requency ,  per iod ,  t i m e  i n t e r v a l  
F requency  Range - 10 cps  t o  1. 2 mc 
Display - 6 digi t  nixie tubes a n d  p r i n t e r  output  
Accuracy  - +O. 3% 

T h e s e  i n s t r u m e n t s  provide  f o r :  (a) A c c u r a t e  m e a s u r e m e n t  of the 
phase  shift  bet\;.een p h a s e  I and  phase  I1 of t h e  Spacec ra f t  tape r e c o r d e r  
m o t o r  dr ive  f requency;  (b)  both pe r iods  of c o n c u r r e n t  counting unde r -  
voltage t i m e r s ;  and (c)-frequency of P r o g r a m m e r  4 1  o s c i l l a t o r ,  e t c .  

c .  P r i n t e r  - Hewle t t -Packard  Type 561B 

.4 continuous permiinent  r e c o r d  is  provided  b y  th i s  i n s t rumen t  of 
any  p a r a m e t e r  moni tored  b y  t h e  c o u n t e r s  o r  cligital vo l tme te r .  
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d. F requency  Counter  - Hewle t t -Packard  Type 524C with 
Type  525C C o n v e r t e r  P lug- In  

C h a r a c t e r i s t i c s  - 

F r e q u e n c y  Range - 90 to 510 mc 
A c c u r a c y  - +0.037'0 ten pe r iod  ave rage  

e. Type  526 T i m e  In t e rva l  Plug-In 

C h a r a c t e r i s t i c s  - 

T i m e  In t e rva l  - 1 .0  usec to 100 days 
Accuracy  - 0. 1 u sec  f t i m e  base  a c c u r a c y  

.Th i s  i n s t rumen t  i s  u s e d  to measu re :  (a)  The  Spacecraf t  t r a n s m i t t e r  
c a r r i e r  f r equency ;  (b)  t ime  in te rva l  of P r o g r a m m e r  # 2  funct ions,  e t c .  

f. Osci l loscope  - Tek t ron ic s  Type  RM 561 with Type  3A74 
V e r t i c a l  Ampl i f ie r  ar,d Type 2B67 T i m e  Base 

C h a r a c t e r i s t i c s  - 

4 t r a c e  - DC to 2 m c  
Sweep Range - I u s e c / c m  to 5 s e c / c m  
Input  impedance - 1 meg 47 uuf 
U s e  T i m e  - 0.17 usec  

Use of th i s  scope  i s  made  in: (a)  Observing the opera t iona l  modes 
of P r o g r a m m e r  #2 f o r  both high speed  and low s p e e d  func t ions  ( 2  
t r a c e s  each ) ;  (b) compos i t e  display of re la ted  expe r imen t  s i g n a l s ,  e tc .  

g. P o w e r  M e t e r  - Hewle t t -Packard  Type  430CR with 
T h e r m i s t o r  Mount 477B with 2Odb Attenuator  

C h a r a c t e r i s t i c s  - 
0 

M e a s u r e m e n t  - r - f  power 
Range  - 10 m w  t o  1 watt 
A c c u r a c y  - i57o 

. 

The Spacec ra f t  t r a n s m i t t e r  r-f power is  m e a s u r e d  by th i s  i n s t r u m e n t .  
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h. Cl ip-On D. C. Ammete r  - Hewlett - P a c k a r d  T y p e  428B 

C h a r a c t e r i s t i c s  - 

Range - 1 m a  t o  10 a m p e r e s  
; Iccuracy - f 3% 

T h i s  in s t rumen t  i s  u s e d  t o  m e a s u r e :  (a )  the  var ious  package load 
c u r r e n t s  within the Spacecraf t ;  (b) the dumping  c u r r e n t ,  e tc .  

i .  Ink P e n  R e c o r d e r  - B r u s h  Type  M a r k  I1 

C h a r a c t e r i s t i c s  - 

Range - 0 t o  400 VDC 
Speeds - 1-5-25-125 MM p e r  inch  
Input impedance  - 10 meg. - D.C. 
Capaci ty  - 2 channel with 2 edge event  m a r k e r s  

While the S t r i p  Char t  Recorder  is sampl ing  the expe r imen t  outputs 
the pen r e c o r d e r  \ v i l l :  
(b) provide continuous longtime observance  of e x p e r i m e n t  output s i g n a l s ,  
etc.  

(a) record  the p e r f o r m a n c e  of P r o g r a m m e r  #2;  

For convenience of descr ipt ion,  the Spacec ra f t  Command R e c e i v e r  
connect ions a r e  p re sen ted  p r i o r  to t h e  p re sen ta t ion  on the T r a n s m i t t e r  
connect ions,  which will  a p p e a r  l a t e r .  

9. Command  Rece ive r  

Di rec t  connection i s  m a d e  to the Spacec ra f t  c o m m a n d  r e c e i v e r  
through coaxial  cab le  t o  connector J19.  
t he rma l -vacuum chamber  i s  through f lange connec t ionP19  to P9. 
The  Command  T r a n s m i t t e r  located in the t e s t  area is connected to P9 
through a f ixed length of coax  cable. 

Pene t r a t ion  through t h e  

10. Command  T r a n s m i t t e r  

A two-tone ( a d d r e s s  and execute) modula ted  fixed f requency  t r a n s -  
m i t t e r  furn ished  by the Fl ight  R.  F. S y s t e m s  g r o u p  (D.  Hepler )  is 
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pro\*ided f o r  r - f  i r i terrogat ion of the S - 5 2  Spacecraf t  command rece i \ ' e r  
and decode r  for init iation of the  Spactscraft playbnck mode  of operat ion.  
Bu i l t - i n  r-f a t t enua to r s  u sed  \v i th  a fihcd l e n g t h  of interconnec!ing coax 
cable  p rov ides  f o r  a cons i s t en t  re la t ive  m e a s u r e m e n t  of command  
r e c e i v e r  sens,:ix-it)- t1:roughout tes t ing,  F i g u r e  2 -  17. 

11. The  h l i c rometco ro id  E x p e r i m e n t  Ins t rumenta t ion  

At the  r e q u e s t  of t h e  e x p e r i m e n t e r ,  twenty-two t e s t  l e a d s  have been 
connected through t h e  penetrs. t ion flange f o r  i n se r t ion  in  ava i lab le  s u r -  
f a c e  mounted  t e s t  j acks  on t h e  h l i c r o m e t e o r i t e  expe r imen t .  T h e  Micro-  
m e t e o r i t e  T e s t  Pane l  is cab led  to t h e  appropr i a t e  t e s t  points  th rough J10. 

I 

a. The h l i c r o m e t e o r i t e  T e s t  Pane l  - cons i s t s  of an  ad jus tab le  
Repet i t ion Rate  P u l s e  G e n e r a t o r ,  designed by the au tho r s  and f ab r i ca t ed  
by the E T B  S-52  pe r sonne l ,  F i g u r e s  2-18a, b, and c. A p a i r  of power 
suppl ies  ( H P  521) c o m p l e t e s  the  pane l .  The adjusta 'ble Repet i t ion R a t e  
Pulse  G e n e r a t o r  p rov ides  f o r  functionally t e s t ing  the  S-52 M i c r o -  
m e t e o r i t e  e x p e r i m e n t  not only on the  bench but through Spacec ra f t  
envi r onm en ta l  exposure  s and  in t e g r a  t i on, s ince  the M i  c r om e t eo  r i t e  
e x p e r i m e n t  has avai lab le  s u r f a c e  mounted t e s t  points. 

la 

I 

b. The Adjustable Repet i t ion  Ra te  P u l s e  G e n e r a t o r  - c o n s i s t s  
of nine independent  pulse g e n e r a t o r s  each with i so la ted  outputs which 
p e r m i t  the e x p e r i m e n t e r  a wide la t i tude  in  s igna l  var ia t ion  r e q u i r e d  
f o r  f unc t i ana Ily tes t ing  the Mi c r ome t eor i t  e expe r imen t .  

T h e  rear view is shown i n  F i g u r e  2-18b a n d  the schemat i c  of one 
.of the nine dupl ica te  pulse  g e n e r a t o r s  is shown in F i g u r e  2-18c.  

12. S e n s o r  -Exciter Rack 

a. Top Unit - C o n t r o l  Panel,  Ozone S p e c t r o m e t e r s  

Conta ins :  (a) A s e l e c t o r  swi tch  to s e l e c t  the m e r c u r y  zeone l igh ts  
supplying t h e m  with 50 volt  DC and T H  3. 000 volts R F  s t a r t  pulse .  
E a c h  posi t ion h a s  a n  ind ica to r  l igh t ;  ( b )  the  m e t e r  r e a d s  the voltage 
d r o p  a c r o s s  a va r i ab le  r e s i s t o r  0 -7  ohms ;  ( c )  a push button, no rma l ly  
open,  i s  f o r  the  l a m p  s t a r t  p u l s e ;  (d )  a n  ozone m o n i t o r  and broadband;  
(e) a swi t ch  for "ON'! and "OFF" Lvith a n  indicator  l amp;  and (f) a m e t e r  
r ead ing  vol tage drop ac ross  a v a r i a b l e  r e s i s t o r  0 - 5  ohms.  
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T h c  S p a c e c r a f t  r - f  t e l eme t ry  signal i s  cabled d i r e c t  f r o m  the 
s e l ec t ed  t e s t  a r e a  junct ion bos and is applied to  the  r e c e i v e r  input of 
the T & E  ground s ta t ion ,  F i g u r e  2 - 1 9 ,  ( R o o m  133) through a patch panel.  
The r e c e i v e r  demodu la t e s  the t e l eme t ry  s ignal  an.! p rov ides  a n  output 
t o  the decode r  and the patch panel.  The r ece ive r  a l s o  supp l i e s  a n  out- 
put to an a s s o c i a t e d  panoramic  adapter  which p r e s e n t s  a v i sua l  display 
of the ene rgy  d i s t r ibu t ion  i n  the  r-f c a r r i e r  and s idebands .  
detected r e c e i v e r  output i s  appl ied to t h e  decode r  which r ecogn izes  

I f r a m e  synchronizat ion,  m e a s u x s  the ten pe r iod  a v e r a g e  of the  f r e -  
quency b u r s t  of each  sequent ia l  t e l eme t ry  da t a  s a m p l e  and  provides  
f o r  the display of the a v e r a g e  per iod  on a s ingle  channel  p r i n t e r .  

T h e  

a .  Single Channel  P r i n t e r  

a The s ingle  channel  p r i n t e r  shown in F i g u r e  2-20 will p r i n t  out 
continuously r .epeti t ive,  the s ix teen  words in any channel  s e l e c t e d  by 
t h e  Channel  Se lec t  swi tch  on the pane l  shown i n  F i g u r e  2-20. 
s ing le  channel  pr i r , t e rs  a r e  ava i lab le  for a s e  on S - 5 2  and they  can  be  
p r o g r a m m e d  t o  p r i n t  the channels  p re se l ec t ed  b y  t h e i r  a s s o c i a t e d  
Channel  Se lec t  switch.  

F o u r  

b. Single Channel  P r i n t o u t  

A s a m p l e  s ingle  channel  pr in tout  of channel  8 is shown i n  Figure 
U s i n g  the e leven  pr in twheels  avai lable  at  e a c h  p r i n t e r ,  the 2-21. 

following a s s i g n m e n t s ,  Table  2-4 ,  a r e  made f o r  identifying and  d i s -  
playing the data .  

P r o c e e d i n g  f r o m  l e f t  t o  r igh t  a c r o s s  the p r in t ed  t ape ,  the  n u m e r a l  
i n  the lef t  co lumn des igna te s  one of the four  Spacec ra f t  ope ra t iona l  
modes  d e s c r i b e d  in Table  2-4 .  
ident i f icat ion will  be pr in ted  au tomat ica l ly  s ince  it i s  d e r i v e d  from 
the mode  of t e l e m e t r y  r ece ived  b y  the ground s ta t ion.  

T h e  Spacecraf t  opera t iona l  mode  

c .  T e s t  Code 

T h e  a u t h o r s  have dev i sed  a unique envi ronmenta l  t e s t  code which 
u s e s  the next t h r e e  digi ts  f r o m  the left. 
t o  p rov ide  on the data  pr in tout ,  a legible au tomat ic  ident i f icat ion of the  
t e s t  conf igura t ion  and the condi t ions of the env i ronmen ta l  exposure .  
The t a s k  of handL.ri t ing the  informat ion  and its inherent  inadequac ies  

The  purpose  of t h i s  code is 
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Micrometeo r i t e  

. - 

a 

Contains:  ( a )  8 "ON-OFF"  swi tches  \c.ith i nd ica to r  l i gh t s  fo r  60 
ohm AC l a m p s ;  and (b) one " O N - O F F "  swi tch  with ind ica to r  as a 
m a s t e r  AC switch f o r  C m t r o l  Panel.  

b. Second P a n e l  

Contains:  One Sola power supply, Ca t .  M285140, to  f u r n i s h  power 
f o r  the  mon i to r  and broadband exc i te r .  B 

c.  T h i r d  Panel 

Contains:  ( a )  One H a r r i s o n  Lab 865B power  supply to f u r n i s h  power  
to  the ind ica tor  l a m p s ;  (b)  one ba t t e ry  c h a r g e r  a n d  c o n t r o l  pane l ;  (c) a 
m e t e r  0-10 volt reading  voltage d r o p  across 1 ohm r e s i s t o r w i t h  
swi tch  t o  read  e i t h e r  c h a r g e  o r  d i scha rge  c u r r e n t ;  (d)  one  v a r i a b l e  1/2  
wave rect i f ied power  s o u r c e  for cha rg ing  b a t t e r y  pack;  and ( e )  one 
swi tch  for switching b a t t e r y  pack between c h a r g e  and use. 

d. Bot tom Panel 

Bot tom panel  i s  blank but behind t h e s e  pane l s  is a 5 0 . 4  a m p / h r  
b a t t e r y  p a c k  composed  of f o u r  12  volt b a t t e r i e s  w i r e d  i n  series. 

To  provide  for  the de tec t ion  of the mechan ica l  advancement  of t h e  
fo i l s  i n  the  hl ic  rome teo r i t e  Exper imen t  sensors,  t he  a u t h o r s  des igned  
an Optical  F o i l  Advance de tec tor .  T h e  Optical  F o i l  Advance Detector 
c o n s i s t s  of a photocel l  which is  energ ized  by  the  r e f l ec t ed  l ight  from 
t h e  s e n s o r  foi l  emi t ted  b y  a prefocused f lash l igh t  lamp. 
of t he  photocell  is indicated a t  the t e s t  s tand.  
s t r i p e d  with 1 / 16'' bands  of black paint t o  provide  the  r e q u i r e d  change  
in r e f l e c t e d  light, thus  indicat ing the  foil movemen t .  

T h e  output 
The s e n s o r  foils are 

13. Spacec ra f t  T r a n s m i t t e r  

T h e  Spacecraf t  t r a n s m i t t e r  output is  cabled  through t h e  p e n e t r a t i o n  
f l a n g e  connect ions of 18  and 8 to  a f ixed  2 0  lb. a t t enua to r  located i n  t h e  
junction box to provide a f ixed load f o r  the t r a n s m i t t e r .  
t he  a t t enua to r  is then connected to a p a i r  of "T" coax  connect ions which 
provide connection to the m o b i l e  g r o u n d  s t a t ions  and  the  power  m e t e r  
in t h e  DCMH. 

T h e  output of 
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Figure  2-21. Sample Single Channe l  P r i n t o u t  of Channel 8 
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TABLE 2-4a 

Channel .4llocations H.S. & P.B. 

CHA!!. 

0 
1 
2 
3 
4 
5 
6 
7 
8 
7 
10 
1 1  
12 
13 
14 
15 

_ _ - ~  
h!ODE 1 H.S. 

Sync 
IROD A or B (1)  
G1 
IROD A or B 
DROD Pre or Post 
IROD A or B 
G I  
IROD A or €3 
P.P. 
IROD A or B 
G1 
IROD A or B 
DROD Pre or Post 
IROD A or B 
G1 
IROD A or B 

%!ODE 2 

A l l  4.5 K c  
03 Spect. 
03 Spect. 
03 Spect. 
03 Spect. 
03 Spect. 
03 Spect. 
03 Spect. 
03 Spect. 
03 Spect. 
03 Spect. 
03 Spect. 
OZ Spect. 
03 Spect. 
03 Spect. 
03 Spect. 

hlODE 1 L.S. 
~~ ~ 

MODE 2 L.S. 

4.5 Kc 
01 
02 
01 
02 
01 
02 
01 
02 
01 
02 
01 
02 
01 
02 
01 

(1) IROD A or B: On alternate orbits ( A l l  A or all B) 
(2) G2 equals 1OX (time constant of G I )  

a r e  e l imina ted .  
ou t s  of a l l  four  sirigle channel  p r i n t e r s  i s  to d i a l  the  s e l e c t e d  c o d e  in on 
t h e  t h r e e  panel  mounted swi tches  on the pane l  shown i n  F i g u r e  2-20. 

A l l  that  i s  r equ i r ed  to provide t h e  code  on the p r in t -  

The  following examples  indicate the m a n n e r  i n  which the  code wil l  
be used: 

Setup fo r  vibration t h r u s t  axis 
096 

Vibra t ion  s ine sweep l a t e r a l  axis 
914 

Setup fo r  t e m p e r a t u r e  cold 
0 40 
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Opera t ion  f o r  t empera tu re  co ld  - 1 8 C  
410 

NOTE: The 4 ind ica tes  cold t e m p e r a t u r e  
and the 10  now indica tes  t h e  t e m p e r a t u r e  in 
cen t ig rade  d e g r e e s .  

Operat ion f o r  t empera tu re  hot  t 50°C 
3 50 

Spin 110 rpm 
611 

N O T E :  H e r e  t h e  right hand two digi ts  are 
u s e d  !o  c1cs;gnate the r p m  x 10. 

9 5070 Humidity 
89 5 

T h e  next p a i r  of d i g i t s  f r o m  the left ind ica te  f rom 0 t o  16 inc lus ive ,  
the channel  se lec ted  f o r  pr intout .  

T h e  n e x t  d igi t  mo\ r ing  to  t h e  r ight i s  a z e r o  except  :hat a one  is 
pr in ted  in t h e  posi t ion of i r a m e  z e r o  f o r  the  ident i f icat ion of the 
beginning of e a c h  frame. 

T h e  las t  f o u r  d ig i t s  a r e  u sed  for  t h e  d i sp lay  of da ta  in  i n i c r o s e c o n d s  
f r o m  6 6 . 0  to 200.0. 

T h i s  v e r s d t i l e  code  sys t em h d S  t h e  f lexibil i ty of d e s c r i b i n g  a n y  
conce ivable  en\.ironrr..ent;il condition iind conf igura t ion  tha t  a Spacecraft 
o r  subassembly  would en( o u n t t k r .  
appl ied o n  dll data  co l lcc tcd  f o r  purp0sc.s of ident i f icat ion a n d  its use 
will  r e d u c e  t h e  tiisk of handwri t ing.  

'rI;c cn\ . i ronmental  t e s t  code w i l l  be 

. 
I 

- 1  

d .  Subcom O v e r l a y  

:I Subcorn \3vt.rlciy sho\vn i n  position i n  F i g u r e  2 -21  indexes  on the 
f l d q  f o r  f r< i inc  /era on t1:e p r i n t u u t  thus pe rmi t t i ng  r eady  ident i f icat ion 
of C;IC 1 1  o f  tl:e indi;~itfus.1 d a t a  measu remen t s .  

a 



e .  Single Work Select ion 

. 
- .  . 

.4 counter  and a s soc ia t ed  p r in t e r  pro\ . ide f o r  the d isp lay  of any 
s ingle  t e l eme t ry  ddta s a m p l e  (word )  f r o m  the e n t i r e  t e l eme t ry  f o r m a t .  
Con t ro l  fo r  the s ingle  \cord select ion is accompl ished  on the Frame 
and Channel  Se lec to r  P a n e l ,  F i g u r e  2 - 2 0 .  
word  f r o m  t h e  e n t i r e  t e l e m e t r y  fo rma t  (desc  r:bed l a t e r )  is pa r t i cu la r ly  
valuable when observing the behavior of a s ingle  w*ord with t i m e  a s  
found on a subcommutated channel such a s  channel  8 of the 5 - 5 2  
t e l eme t ry  fo rma t .  

The abi l i ty  to  se l ec t  a single 

f .  Magnet ic  Tape R e c o r d e r  

A magnet ic  tape r e c o r d e r  locatcd i n  the ground s ta t ion provides  
f o r  recordir ,g t h e  r e c e i v e r  d e t e c t o r  output s ignal  f o r  a chronological 
h i s to ry  of the Spacecraf t  per forn iance  during se tup ,  t e s t  exposure  and 
post  t e s t  exposure.  

g. R e c o r d e r  P a t c h  P a n e l  

The P a t c h  P a n e l ,  F i g u r e  2 - 2 2 ,  m a k e s  avai lable  at the f ront  panel  
all seven  Record  and P layback  channels  of the magne t i c  tape r e c o r d e r  
including the r ece ive r  output and the d e c o d e r  input. The  a s ses s ib i l i t y  
of t h e s e  functions a t  the  f r o n t  panels  p r o m o t e s  efficiency in changing 
f r o m  recording a t e l e m e t r y  signal to playback of the t e l e m e t r y  s igna l  
through the ground s ta t ion  f o r  data reduction, f o r  rap id ly  switching 
t e s t  a r e a s ,  and fo r  record ing  inputs f r o m  m o r e  than one Spacecraf t  
unde r  concur ren t  t e s t  Fchedules. 

h. Ground Station Decoder  

The Ground Station Decoder  s imul taneous ly  provides  a digit ized 
s ignal  of the received t e l e m e t r y  s igna l  to Data Cen t ra l .  

14. Data Cen t ra l  

E a r l y  in t h e  S-52 p r o g r a m ,  the  au tho r s  found plotting of the 
behavior  of the e x p e r i m e n t  output t e l e m e t r y  s igna ls  v e r s u s  the i r  
respec t ive  hard l ine  s igna ls  provided the opt imum display f o r  c o r r e l a -  
t ion and evaluation of s t imulated Spacecraf t  p e r f o r m a n c e .  Discussions 
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with  e x p e r i m e n t e r s  found them in c o n c u r r e n c e ,  a s  they would have t o  
c o n v e r t  the  s ing le  channe l  mic rosecond  p r i n t o u t s  t o  vol t s  and hand plot 
the  data. 

T h e  s e r v i c e s  of the  Data  C e n t r a l  Computer  S y s t e m ,  F i g u r e  2 - 2 3 ,  
a n d  i t s  p e r i p h e r a l  d i sp l ay  dev ices  were  e n l i s t e d  to provide  f o r  plotting, 
a n a l y s i s  and  d i sp lay  of t h e  ava i l ab le  S-52 S p a c e c r a f t  data.  - 

a. H a r d l i n e  and T e l e m e t r y  Signals  

The  ha rd l ine  a n d  i c l e m e t r y  s igna ls  ava i l ab le  f o r  plotting are: 

01 
02 
03 

G1 
G;! 
G3 

DROD -4 
DROD B 
IROD 

Ozone Broadband 
Ozone hloni tor  
Or. one  Spec tr  om e te r 
G;l lact ic  Noise HS output 
Gh lac t i c  Noise LS Output 
h l i c  r o m e t e o r i t e  
Ga lac t i c  Noise Sweep Output 
Llic r o m e t e o r i t e  
h l i c  r o m e t e o r i t e  

D a t a  C e n t r a l  rece i \ rcs  t h e  d:gi t ized t e l e m e t r y  s igna l  from the  
g r o u n d  s ta t ion  ( R o o m  1 3 3 )  a n d  t h e  hardl ine s igna l s  a r e  acqu i r ed  by the  
DChlH through t h e  "T" box cunfiection a t  the  test area junct ion box 
( F i g u r e s  2 - 2 4 ,  2 - 2 5  and 2 - 2 6 ) .  
prov ides  f o r  commuta t ion  of thc ha rd l ine  s igna l s .  

.A p r o g r a m  pa tch  b o a r d  in  the DCMH 

T h e  "T" box, m o u n t e d  ic t h e  t e s t  a r e a  junction box i s  e l ec t r i ca l ly  
c o n r c c t r d  in l ine \vith in s t ru rn tn th t ion  connec t ions  S l C ,  S1D a n d  S lE 
and pro\.ic!zs a t a p  on t h e  follou.ing hard l ine  test  points  which a re  cabled  
t o  the D a t a  Col lec t ion  hlodult- High Speed (DChlH) ,  F i g u r e  2-27. 

b. IIard1:ne S igna l s  to  DCMH 

H a r d l i n e  S igna l s  ava i l ab le  to  the DChlH, hence Data C e n t r a l :  

- 6 . 0  Vo l t s  0 3  S p e c t r o m e t e r  Output 
- 3 . 0  Vol t s  01  Ozone Output 
- 7. 5 Vo l t s  0 2  h lon i to r  Output 
- 18 .  0 l 'o l t s  G N  Xlonitor Sweep 
-4 .  0 Vol t s  GN HS O u t p u t  

. 
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Figure  2-24. "T" Box Flow Chart 

55 



I -  

, *  

M54 ' 7T 

Figure 2 - 2 5 .  "T" Box Connections 

56 



s 
3 9 

N 
I 

N 

0, 
k 
3 
M 

. A  

LJ4 



-7 r------ ----- 

e f . -----A- 'I 

. 

L I  --!!!!- 

------l 

, 0 :  0 :  0 :  0 : : o :  0 :  a :  
e * . * . . .  

' 

0 ;  0 :  0: 'o: 0 :  0 :  0 :  
. . s o - * .  . 1  

~ . --- . a; 0 :  o;o::o:o:'o: . . s - I t  . 1.. 
b _ -  - -- 
' o ; o : o ; o : o : o : ~ :  L , . a , .  . . . >  

0 ;  0 ;  0 ;  0:'o:a:'o: j . . . - . . * -  

. .  .I' 

J 
r 

c* 

1 -  
1 
i 
i 
i 

I 
; j 
i 
f 

i 
I 

i . --a?&- M ? 

Figure 2-27. DCMH 
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+ 6 . 0  Volts G N  LS ou tpu t  

+6 .  5 V o l t s  IROD o u t p u t  

+ 12. 0 Volts DROD A Output 
- 3 . 0  Volts EROD B Output 

Spac ec  raft T r a n  s m i t t e r powe r . 
The DChlH i s  p a r t  of t h e  diita acquis i t ion  equipment of Data C e n t r a l .  

c. Data Collection hlodule High Speed  - -  . 
The DChlH conditions the input  s i g n a l s ,  providing the  required 

amplif icat ion o r  attenuation, and s n m p l e s  the  s e l e c t e d  s igna l s  at a r a t e  
(7. 5 KC) at a p re se l ec t ed  r a t e  p r o g r a m m e d  by a plug-in patch panel.  
The signal s a m p l e s  t . i e A ~  dis t r ibuted to Data C e n t r a l  f o r  f u r t h e r  p r o c e s s -  
i n g  a s  w i l l  b e  desc r ibed  l a t e r .  

T o  prec lude  t ransc ien t  e l ec t r i ca l  i n t e r f e r e n c e ,  the S -52  S p a c e c r a f t  
t e l e m e t r y  t r a n s m i t t e r  i s  hardl inc connectcad and brought out through 
the appropr ia te  cabl ing to a 20 lb. f ixed load w h o s e  output i s  m a d e  
avai lable  to  the  follo\i.ing: The mobile ground s ta t ion  loca ted  e i t h e r  
a t  the t e s t  a r e a  or in the mobile  t r a i l e r ;  the T & E  ground s ta t ion  in 
Room 133, and t o  a power m e t e r  in  the DCMH. 

On request  b y  t h e  E lec t ronics  T e s t  T e a m ,  Data C e n t r a l  c a n  supply  
off-line in approximately 30 minutes ,  . i n  the  f o r m  of a n  X - Y  plot of t h e  
r e l a t ed  experiment  s igna ls  t e l eme t ry  v e r s u s  ha rd l ine  sampled  during 
the  same  t ime  segment  a s  sho\vn in Tab le  2 - 5 .  

The hardli 'ne s igna ls  a r e  sampled a t  t h e  r a t e  of 150 s a m p l e s  per  , 

second.  All of the ava:lable t e l eme t ry  s a m p l e s  a s  shown in Table 2-5, 
a r e  plotted. The amplitude. resolut ion of the  p lo ts  i s  o n e  volt p e r  inch. 
The r e c o r d  length wi l l  be s e l e c t e d  to proLride a n  a p p r o p r i a t e  reso lu t ion  
of the s igna l s  displayed. 

d. High Speed P r i n t e r  

Located i n  the ground station, Room 133, i s  a 166 CDC High  Speed 

T h e  166 p r i n t e r  w a s  
P r i n t e r  shown in F i g u r e  2 - 2 8 ,  which i s  a p e r i p h e r a l  d i sp l ay  dev ice  
opera ted  by the Data C e n t r a l  Computer  S y s t e m .  
loca t ed  in the g r o u n d  s t a t ion  a r e a  t o  p e r m i t  t h e  E l e c t r o n i c s  T e s t  
T e a m  to  make  rap id  co r re l a t ion  and eva lua t ion  of the  Spacec ra f t  
p e r f o r m a n c e .  
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TABLE 2-5 

'ERSUS 
. .__ 

PLOT 
1 

I 
s-Y - 

A. 

B.  

c. 

D. 

E. 

F. 

1 
SIGBA L 

Hard I i n e 

H.S. Galactic 
Noise Galactic 
3 o i sc  Sweep 

SIGNAL 

Ye lemetry 

H.S. Galactic Noise 

Micrometeorite IROD 

Microeeteorite DROD A 

RATE 

Samples /sec 

13.8 

27.6 

3.4 

1 
IROD 

DROD A 

DROD B 

Ozone Spectrometer 

Ozone Monitor 
- 

_____1 

RATE 

bmplcs/scc 

150 

150 

150 

150 

150 

150 

The t e l e m e t r y  a n d  ha rd l ine  s igna ls  avai lable  t o  Data C e n t r a l  can b e  
disp layed  on the 166 P r i n t e r  in the form of mapping o r  p r i n t  p lo ts ,  
F i g u r e  2 - 2 9 .  
T e s t  T e a m  \v i th in  a f e w  m i n u t e s  a f t e r  t h e  acquis i t ion of t h e  da t a  
sampl ing  per iod .  
c a n  be pr in ted  s imul taneous ly .  
p r i a t e  idcn!ifying n u m e r a l  o r  l e t t e r  a s  shown below. 
f r o m  two o r  m o r e  s igna l s  .coincide,  a prese lec ted  s igna l  will  domina te  
a n d  i t s  c h a r a c t e r  will  be printed.  

The  pr in t  p lo ts  a r e  available on r eques t  by  the  E l e c t r o n i c s  

z\ny one o r  m o r e  of t h e  p re se l ec t ed  ava i l ab le  signals  
Each signal i s  p r in ted  with an  a p p r o -  

Should poin ts  

SIGNAL 
D ESC R IPT ION 

ROD 
DROD A a DKOD B 
GN. H.S. 
GN. SWP. 
Ozone Spect 
P l a y b a c k  (Tap.: Recorde r )  

T E L E M E T R Y  
PRINT 

DESIGN-AT ION 

I 
A 
B 
G 
S 
0 
P 

HARDLINE 
P R N T  

DESIGN AT ION 

. 

hO 
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Figure 2-28. 166 Printer  
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The t i m e  in mi l l i s ec  o f  each  da ta  sam,ple p r in t ed  is shown in F ig -  
u r e  2 - 3 0 ,  commencing  from the  beginning of the d a t a  sampl ing  period. 
A cotitinuous ro\v of dots indicates  z e r o  vol t s .  
d ivided a m o n g  100 pr int- lvheels  providing a reso lu t ion  of 50 mi l l ivo l t s  
per point o v e r  a paper  space  of ten inches .  

The 0 -5  vol t  range  is 

- .  
I -  

~ l l  o f  the avai lable  t e l e m e t r y  LL-ords a r e  pr inted.  About t h r e e  h a r d -  
l ine points a r e  pr in ted  i o r  e a c h  t e l e m e t r y  point pr inted.  

The  166 p r i n t e r  i s  a l s o  capable of pr int ing cont inuously,  in r e a l  
t i m e ,  the e n t i r e  16 x 1 6  Xlode 1 t e l e m e t r y  f o r m a t ,  as shown in Tab les  
2-6a and 2-6b. 

A heading is provided on each  pr in ted  shee t  as r e q u e s t e d  by  the 
a u t h o r s  which provides  for  the follouring identification: Day,  Time, E n -  
v i ronmen ta l  T e s t  C o d e ,  Lvhich i s  sui)plicd by the E l e c t r o n i c s  T e s t  Team 
a t  the  t i m e  of pr intout  r e q c e s t ,  numera t ion  of the t e l e m e t r y  channels  
hor izonta l ly  a c r o s s  the page,  numera t ion  of  the t e l e m e t r y  f r a m e s  ver- 
t i ca l ly  dowm the page ,  identification of t e l e m e t r y  mode  (left  hand column 
u n d e r  h4), identification of e a c h  channel a c r o s s  the page. The sync  chan-  
n e l ,  zero, is  al\vays pr inted in f requency.  The da ta  channels  1 th rough 
1 5  can  be pr in ted  i n  mic roseconds  o r  vol ts .  A space  is left  ad jacent  to  
channe l  8 .  the pe r fo rmance  p a r a m e t e r ,  which will  provide for  pr int ing 
the p e r f o r m a n c e  p a r a m e t e r s  i n  engineer ing  uni ts  when the ca l ib ra t ion  
c u r v e s  and sca l ing  fac tors  a r e  de te rmined .  Should Data  C e n t r a l  fail to 
r e c e i v e  a spec i f ic  channel  z e r o  sync pulse dur ing  a pr in tout .  a n u m e r a l  
one w i l l  a p p e a r  on the e x t r e m e  left hand s ide  of the pape r  ad jacent  to 
the m i s s i n g  pulse  s o  indicating the  omi t tance .  
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Addit ional  ha rd l ine  d a t a ,  the Spacecraft  s y s t e m  vol tages  and  r -f 
p o w e r ,  a re  a l s o  provided through the DCMH. Data  C e n t r a l  wi l l  p e r f o r m  
a m e a n s  and v a r i a n c e  a n a l y s i s  on  these  p a r a m e t e r s  and provides  the 
following p r in tou t  on reques t :  

Mean Variance 

+ 3  
+ 6  
+ 7.5 
+ 15.0 
- 3  
-6  
-4  
- 18 
R - F  power  

F u r t h e r ,  Data C e n t r a l  will  provide for  the d isp lay  of the p a r a m e t e r  
co l l ec t ed  by  the DCMH hard l ine  s y s t e m  on ano the r  pe r iphe ra l  Device 
"A B a r  C h a r t "  ( F i g u r e  2-31), loca ted  i n  the  ground s ta t ion  t o  p e r m i t  the 
o p e r a t o r s  to  ma in ta in  a continuous surve i l lance  of these p a r a m e t e r s .  

Another  compute r  s y s t e m  in  Data  Cen t ra l  co l l ec t s  and p e r f o r m s  
a n a l y s i s  of e n v i r o n m e n t a l  da ta .  Envi ronmenta l  data  d e r i v e d  f r o m  the 
m o n i t o r i n g  s e n s o r s  of the e x p o s u r e s  of the S-52 Spacecraf t  is col lec ted  
b y  th i s  s y s t e m .  
ad jacen t  to e x i s t i n g  t e m p e r a t u r e  s e n s o r s  built in to  spacec ra f t  e l e c t r o n -  
i c s  provide  fo r  ca l ib ra t ion  of the Spacecraf t  t e m p e r a t u r e  s e n s o r s  through-  
out e n v i r o n m e n t a l  t es t ing .  The  outputs of the Spacecraf t  t e m p e r a t u r e  
s e n s o r s  a r e  ava i lab le  on channel  8 of the Mode 1 t e l e m e t r y  f o r m a t  as 
p e r f o r m a n c e  p a r a m e t e r s .  Data  Cen t ra l  wi l l  c o r r e l a t e  the  r e l a t e d  t e l e m -  
e t r y  and  e n v i r o n m e n t a l  m e a s u r e m e n t s  and provide the  following pr in tout ,  
Tab le  2-7.  

Environmenta l  t e m p e r a t u r e  s e n s o r s  purpose ly  p laced  

15. Mobile C o n t r o l  Console  0 
In the Acceptance  A r e a  500 (Figure 2-32)  and . the  T e m p e r a t u r e  

Humidi ty  A r e a  234, the  Instrumentat ion Complex  wi l l  be e s sen t i a l ly  as 
t ha t  d e s c r i b e d  fo r  t h e r m a l - v a c u u m  with the except ion  tha t  the pene t r a -  
t ion  f lange connec t ions  a r e  not required.  
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In the following t e s t  a r e a s :  S p i n ,  Acce lera t ion ,  Vibrat ion,  Dynamic 
T c s t  Chamber  and Solar  Simulat ion,  only the Umbi l ica l  connection is 
avai lable  for power  and p r o g r a m m e r  cont ro l  as shown in F igu re  2-33.  

A mobi le  Cont ro l  Console  shown in  F igure  2-34 ,  has been  des igned  
and  fabr ica ted  by E T B  S-52 personnel  to provide  for the  r equ i r ed  con- 
t r o l  of the Spacecraf t  under  the above named  exposures .  

In addi t ion,  a n  Umbi l i ca l  Checkout box  is provided to p e r m i t  check-  
. out of the Con t ro l  Console  p r io r  to connection t o  the Spacecraf t .  The 

Umbi l i ca l  Checkout  Box is util ized at the launch site for pre -checkout 
of the Umbi l ica l  cab le  connect ions which extend from the blockhouse 
through m o r e  than 700 fee t  of cable to the Spacecraf t  a t  the top  of the 
launch t o w e r .  

A Stub Antenna provides for acquisit ion of the t e l e m e t r y  s igna l  by 
the  ground s ta t ion  and, hence ,  the i r  data reduct ion capabi l i t ies  includ-  
ing tha t  of Data Cen t ra l .  

16. Umbi l i ca l  Checkout  Box 

The  Umbi l ica l  Checkout  Box (F igure  2-35) provides  for a compa t -  
ible  check  that  the indicated functions a r e  p re sen t  a n d  proper whethe r  
or ig ina t ing  from the Cont ro l  Console  or the S-52 C o n t r o l  P a n e l  and 
whethe r  connected b y  the  ins t rumenta t ion  Umbi l i ca l  cab le  or the launch 
s i t e  Umbi l ica l  cab le .  The cable line r e s i s t ance  and insulat ion r e s i s t a n c e  
c a n  also be checked  with this device.  

Functions 

Spacecraf t  Simulate  - a toggle switch connec ts  30 ohm resistor 
s imula t ing  Spacecraf t  impedance  a c r o s s  pins A and F which  provides  
for load the e x t e r n a l  power supply approximate ly  112 a m p e r e  simulat- 
ing Spacecraf t  n o r m a l  load c u r r e n t .  

The M i c r o m e t e o r i t e  T e s t  P a n e l ,  Figure 2-13, along with the Con- 
t r o l  Console g ives  the e x p e r i m e n t e r  the capabi l i ty  of connecting hard- 
l ine t o  the su r face  t e s t  points on the Mic rometeo r i t e  e x p e r i m e n t  for 
p r i o r  and pos t  t e s t  checkouts .  

c ,  
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An Envi ronmenta l  S t imula tor  a s  shown in  F i g u r e  2 - 3 6  and its asso- 
c ia ted  control  pane l ,  F igu re  2-37,  were  designed by the au tho r s  t o  pro- 
vide for s t imula t ing  the s-52 Spacecraf t  Ozone and  Mic rometeo r i t e  e x -  
p e r i m e n t  s e n s o r s  throughout the tenure  of envi ronmenta l  exposures .  

In o r d e r  t o  de t e rmine  that  a s e n s o r  and i t s  a s s o c i a t e d  c i r c u i t r y  are 
functioning p r o p e r l y ,  i t  i s  n e c e s s a r y  to dynamical ly  (where  feas ib le )  
s t imu la t e  the s e n s o r  with a ca l ibra ted  or reproducib le  exci ta t ion which 
will  p roduce  a predic tab le  output from the s e n s o r  c i r c u i t r y .  

The  St imulator  Con t ro l  P a n e l  provides  for power  con t ro l  of u l t r a -  
v io le t  lamps r e q u i r e d  to exc i te  the Ozone expe r imen t .  
a l s o  provided fo r  the s u n  gun lamps  to provide exc i ta t ion  in  the M i c r o -  
m e t e o r i t e  expe r imen t .  
a te ly  posit ioned t o  exc i te  the s e n s o r s  on a cage (provided by E. T r a v i s  
of Mechanical  Sys t ems)  which fits o v e r  the Spacecraf t .  

P o w e r  c o n t r o l  is 

The l a m p s  and a s soc ia t ed  cabling are a p p r o p r i -  

Exci ta t ion of the Galact ic  Noise Exper iment  wi l l  be provided by u s e  
of a ca l ib ra t ed  e x t e r n a l  s igna l  gene ra to r  rad ia t ing  through a s t u b  an tenna  
at p r e c i s e  f requencies  within the bandpass of the Galac t ic  noise  r e c e i v e r .  
The Signal Gene ra to r  provides  for a m a r k e r  pulse  a t  s e l ec t ab le  f r equen-  
c i e s  and for  change in  ampli tude to pe rmi t  e x e r c i s e  of the Ga lac t i c  No i se  
Rece ive r .  Obse rva t ion  of the per formance  of  the  Ga lac t i c  no ise  r e c e i v e r  
wil l  be made  at the t e s t  s tand and through the t e l e m e t r y  link. 

A T u r n - O n  Measuremen t  Box is shown in F i g u r e  2 - 3 8 .  This box 
was designed b y  the au tho r s  t o  connect into the Spacec ra f t  tu rn-on  re- 
cep tac l e  and p e r m i t  accu ra t e  m e a s u r e m e n t s  of the Spacecraf t  b a t t e r y  
c u r r e n t s  and So la r  B u s s  C u r r e n t s .  
has uti l i ty  in providing a method of charging the Spacec ra f t  b a t t e r i e s  
while  the Spacec ra f t  i s  turned off. 

The T u r n - O n  M e a s u r e m e n t  Box also 

Holdoff Relay  S im - a toggle s w i t c h  connec t s  150 ohm r e s i s t o r  s i m -  
ulating holdoff r e l a y  impedance a c r o s s  pins  B and  F which p rov ides  f o r  
the p r o p e r  indication of 80 m a  on the Holdoff Relay C u r r e n t  M e t e r  on the  
C o n t r o l  Pane l .  

17. In t e r rup te r  Boxes  

The I n t e r r u p t e r  Boxes ,  F igu re  2-39 ,  w e r e  designed and bui l t  by 
ETB S-52  P e r s o n n e l  f o r  the purpose of c l o s e r  observat ion of the p e r -  
f o r m a n c e  of any  given Delta Pack. T h e r e  is one f o r  e a c h  type of con- 
n e c t o r  on t h e  Delta P a c k s  and they provide a “T”  connect ion extending 
the connect ions to  the interconnections in G R  j a c k s  f o r  obse rva t ion  and 
m e a s u r e m e n t .  
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F i g u r e  2 - 3 6 .  Ozone  and hlicrometeorite Stimulation 
Lamps mountcsd on t he  cage 
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Figure 2-37 .  Contro l  Panel and  a s soc ia t ed  Po\ver 
Supplies for exerc is ing  thc. Stimulation Lamp 
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18. Equipment  Lis t  

Cont ro l  and Ins t rumenta t ion  equipment  r e q u i r e d  in  the t e s t  area for 
e l e c t r i c a l  tes t ing of the S-52 Spacecraf t  in the Acceptance A r e a  5 0 0 ,  
T e m p e r a t u r e  -Humidi ty  A r e a  2 3 4  and Therma l -Vacuum Area  237. 

19. Subas sembl i e  s 

a. Mobile Subassembly  T e s t  Stand 

A mobile  Subassembly  T e s t  Stand has  been des igned  and  fabricated 
by ETB S-52  pe r sonne l ,  F igure  2-40 ,  to provide the abi l i ty  t o  e l e c t r i -  
cal ly  t e s t  a l l  of  the following S -52  GSFC Delta  P a c k s ,  one at  a t i m e  or 
i n  a n y  appropr i a t e  in te r  connected combination: 

P r o g r a m m e r  #1 Tape R e c o r d e r  
P r o g r a m m e r  # 2  
Delta  Storage C a r d  Command  R e c e i v e r  
T a p e  R e c o r d e r  C o n v e r t e r  Decoder  

T r ansmi t te  r 

Sample and Hold 

Th i s  equipment  a l s o  p e r m i t s  substi tuting any ex te rna l  del ta  pack(s )  being 
tes ted .  

Included in the t e s t  s tand a r e  the n e c e s s a r y  power suppl ies  to f u r -  
nish r equ i r ed  vol tages  t o  o p e r a  : the packs ,  An a t tenuator  pad a n d  dum- 
m y  load a r e  provided  for the t r a n s m i t t e r  card. 

All connections to  e a c h  de l ta  pack are access ib l e  at identified banana 
j a c k s  on the patch boa rd .  
e a c h  connection providing e a s y  independent connect ions for power s u p l i e s ,  
i n t e r  -delta pack connect ions,  and ins t rumenta t ion  connect ions.  All  s igna l  
l e a d s  a r e  coax  l ines  (PVC 17 HU) to m i n i m i z e  the e f fec ts  of t r a n s i e n t s  
and in t e r f e rence .  Connect ions  a r e  m a d e  t o  the de l t a  packs  th rough  the 
appropr i a t e  ma t ing  connec to r s  shown i n  F i g u r e s  2-41 and 2-42. 

T h r e e  banana j a c k s  a r e  wi red  in  p a r a l l e l  for 

P r o v i s i o n s  e x i s t  for the expansion of the Subassembly  T e s t  Stand 
to  accommoda te  any  o r  a l l  of the S-52  delta packs ,  m e r e l y  b y  in se r t ion  
of the banana j acks  and  connection of the appropr i a t e  cables .  

9 3  



The Subassembly  T e s t  Stand is ava i lab le  f o r  tes t ing  any  suspec t  
de l ta  pack a s  a unit  at  any  t ime dur ing  the p e r i o d  of S-52 Spacec ra f t  
tes t ing.  T h i s  tes t  s t and  has  a l r eady  been i n  u s e  f o r  t h e - e l e c t r i c a l  
t es t ing  of the  GSFC s u b a s s e m b l i e s  throughout t h e i r  env i ronmen ta l  
exposures .  

SUB -ASSEMBLY T E S T  PROCEDURES 

1. Programmer # 1  
2. P r o g r a m m e r  WZ 
3. Data S t o r a g e  Con t ro l  
4. T a p e  R e c o r d e r  C o n v e r t e r  
5. Tape  R e c o r d e r  
6 .  T r a n s m i t t e r  
7 .  R e c e i v e r  
8. Decoder  

More deta i led  t e s t  p r o c e d u r e s  for t h e s e  u n i t s  m a y  be found in  
m o d u l a r  t e s t  p r o c e d u r e s  A th rough E, pages  108 through 127. 

UNDERVOLTAGE DETECTOR AND RECYCLE TIMER 

This  s u b - a s s e m b l y  m a y  be  t e s t ed  a s  a uni t  b e c a u s e  of i t s  now 
dependence on o t h e r  modules .  
f o r m e d  t o  m e a s u r e  th i s  s u b - a s s e m b l y ' s  p e r f o r m a n c e .  

The  following t e s t s  a re  usua l ly  per-  

1. Detect ion of undervol tage condition. 
2. 
3 .  
4.  Dumping c i r c u i t  operat ion.  

P r o p e r  functioning of 18-hour  undervol tage  t i m e r .  
Switching and  charg ing  spacec ra f t  b a t t e r i e s  in p r o p e r  sequence.  

DATA STORAGE CONTROL 

B e c a u s e  th i s  unit, toge ther  with the tape  r e c o r d e r  and tape  r e c o r d e r  
c o n v e r t e r  m a k e  up a s u b - s y s t e m ,  it i s  u sua l ly  t e s t e d  toge the r  with the 
o the r  two uni t s  a s  a sub - sys t em.  

The  following t e s t s  a r e  usually p e r f o r m e d  t o  m e a s u r e  th i s  sub-  
a s s e m b l y ' s  pe r fo rmance .  
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. 

1. 

2 .  
3 .  

Length of g a t e s  s e n t  t o  t a p e  r e c o r d e r  in pla)rbaclc and r e c o r d  

Quallty of tape r e c o r d e r  dr ive  voltage. 
Ability to respond to  p layback  c o m m a n d  via t e l eme t ry .  

modes .  

TEST PROCEDURE - TAPE RECORDER 

To t e s t  the operat ion of the tape r e c o r d e r ,  fou r  s u b - a s s e m b l i e s  
m u s t  b e  interconnected;  the Data S torage  Cont ro l ,  P r o g r a m m e r  #1, and 
the Tape  R e c o r d e r  C o n v e r t e r ,  and the Tape R e c o r d e r  i tself .  
following tests a r e  usua l ly  per formed to  m e a s u r e  t a p e  r e c o r d e r  
pe rf o rmance .  

The 

1. 
2. 
3 .  
4 .  

Degree  of quadra tu re  of tape r e c o r d e r  motor phases .  
T ime  r equ i r ed  t o  play back. 
Ability of tape r e c o r d e r  to faithfully r e p r o d u c e  r e c o r d e d  s igna  
Ability of tape r e c o r d e r  to respond to functional c o m m a n d s .  

DECODER 

To  t e s t  the operat ion of t h e  decoder ,  tape r e c o r d e r  p layback  is 
commanded  via the t r a n s m i t t e r  in the t e s t  rack ,  
ind ica tes  c o r r e c t  decode r  functioning. 

P r o p e r  r e s p o n s e  

COMMAND R E C E I V E R  

The r e c e i v e r  is usual ly  tes ted together  with the t r a n s m i t t e r  and 
d e c o d e r .  

T h e  following tests a r e  per fo rmed  to measure t he  sub-assembly's 
p e  rf o r m a n c  e. . 

1. Sensitivity 
2. Ability to  c o m m a n d  tape r e c o r d e r  into playback together with 

decoder .  

TRANSMITTER 

3 .  

T r a n s m i t t e r  power  output and  f r equency  a r e  o b s e r v e d  aild r e c o r d e d  
at appropriate in te rva ls .  
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P R O G R A M M  ER # 1 

Aside f r o m  its s u b - a s s e m b l y  t e s t s  toge ther  with tape r e c o r d e r  and 
t a p e  r e c o r d e r ' s  suppor t ing  s u b - a s s e m b l i e s ,  P r o g r a m m e r  # 1 i s  t e s t ed  
alone.  

Under  t h e s e  condi t ions,  t h e  following tests a r e  p e r f o r m e d :  

1 .  

2.  

.Availability of ga t e s  no rma l ly  sent t o  tape  r e c o r d e r  upon 
r e c e i p t  of m a n u a l  o r  decoder  routed commands .  
Qual i ty  of modula t ion  t o  and from p r o g r a m m e r .  

PROGRAMMER #2 

T h i s  uni t  is t e s t e d  a lone .  The  following t e s t s  a r e  usua l ly  performed. 

1. 
2. 
3 .  
4. 

Qual i ty  of Foi l -Advance  P u l s e  to m i c r o m e t e o r o i d  expe r imen t .  
R e s p o n s e  t o  s u n r i s e  and sunse t .  
Switching i n t o  m o d e s  1 and 2 at p r o p e r  t i m e s .  
Funct ioning  of speedup cyc le  under t e s t  condi t ions.  

b. E x p e r i m e n t  Rota t ion  S imula to r  

The ' E x p e r i m e n t  Rota t ion  S imula tor  shown in F i g u r e  2 - 4 3  s i m u l a t e s  

It w 2 s  des igned  and f ab r i ca t ed  by ETB 5 - 5 2  p e r s o n n e l  p r i m a r i l y  
o b i t a l  ro ta t ion  r e q u i r e m e n t s  of 5 rpm in e i t h e r  d i r ec t ion  a n d  may be 
tilted. 
f o r  M i c r o m e t e o r i t e  c h e c k s  and  a n  IROD s e n s o r  i s  shown i n  t h e  photo 
a s  i t  was  t e s t e d  f o r  l ight leaks.  

The  s i m u l a t o r  can  be used  indoors  with a , f i x e d  l igh t  s o u r c e  or out- , 

doors  ut i l iz ing sunl ight .  
the Ozone s e n s o r s  in  additior,  t o  those  of the  M i c r o m e t e o r i t e  s e n s o r s .  
It h a s  the capac i ty  to handle comple te  e x p e r i m e n t s  including all s e n s o r s  
and a s s o c i a t e d  e l ec t ron ic s .  

It  c an  check p e r f o r m a n c e  and l ight leaks of 

0 
- I  
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F i g x r e  2-40. Subassembly  T e s t  
Stand Front  View 
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Figure  2- 41. Subassembly  Test 
Stand Rear V i e w  
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Figure 2-42.  Subassembly Test  Stand 
(Aspect )  View 
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Figure  2 - 4 3 .  Experiment Rotation Simulator 
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20. Opera t iona l  T e s t  P r o c e d u r e s  

INTRODUCTION 

Modular  Type T e s t  P r o c e d u r e s  a r e  provided f o r  col lect ion and 
evaluation of data substantizting the per formimce and  r e s p o n s e s  of the 
spac  e c ra f t  t o e 1 ec t r ic a1 e xe r c i s e and e xpe r im e n  t s t imulat ion.  

T h e  Modular  Type  T e s t  P r o c e h r e s  conce ived  by the  a u t h o r s  
const i tute  a comple te  e l ec t r i ca l  s y s t e m s  test of the  s p a c e c r a f t  per-  
f o r m a n c e .  However,  by segmenting the comple te  systems t e s t  pro- 
c e d u r e  into Modular  f o r m ,  e a c h  in  i tself  a n  enti ty,  the Elec t ron ic s  
T e s t  Conductor  acqu i r e s  a wide latitude of f lexibi l i ty  by the ab i l i ty  to 
inst i tute ,  a t  his  d i scre t ion ,  test Modules c o m m e n s u r a t e  with the 
s t a tus ,  configuration and exposure  of the spacec ra f t .  

. 

Also  a r e  included p rocedures  f o r  checkout of t he  Ins t rumenta t ion  
Complex,  Spacecraf t  preparat ion,  Spacecraf t  tu rn-on ,  and  opera t ion  
dur ing  envi ronmenta l  testing and launch. 

All  Module Data Sheets include a heading which p r o v i d e s  the  
following information: T ime ,  date,  spacec ra f t  condition, Test  Code, 
and a space  prefixed, By, for the ini t ia ls  of the  test t e a m  m e m b e r  
p e r f o r m i n g  the tes t .  

A continual chronological h i s tory  of the n o r m a l  as wel l  a s  the 
a b n o r m a l  events  which a r e  experienced by the  s p a c e c r a f t  throughout  
i t s  s t ay  in the T&E Complex  will be main ta ined  i n  a log book assigned 
to e a c h  sphcecraf t .  

Al l  Systems T e s t s  pe r fo rmed  w i l l  be kept  in the  S y s t e m s  T e s t  
Notebook for each  Spacecraf t .  
r e c o r d e d  in t h e  I-iIourly T e s t s  Notebook fo r  the r e spec t ive  Spacec ra f t .  

The  hourly A 1  Data S h e e t s  wil l  be 

The values  of the per formance  p a r a m e t e r s  t aken  wi l l  be r e c o r d e d  
in the P e r f o r m a n c e  P a r a m e t e r  Data Sheet. 
p a r a m e t e r s  avai lable  on the Mode 1 channel  8 pr intout  wil l  b e c o n c u r r e n t l y  
plotted to main ta in  c lose  survei l lance of their p e r f o r m a n c e :  

T h e  following t e m p e r a t u r e  

PPO Temp.  Snout Oz PPl l  B a t t  A T e m p  

PPI Temp.  Upper Deck Oz PP12 Solar P a d d l e  4 Temp.  

PP2 Temp.  Oz: Spect. P P 1 3  Dome T e m p  #1 

P P 1 4  Skin T e m p  # Z  
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A cor re l a t ion  check  of the respec t ive  envi ronmenta l  t e m p e r a t u r e  
mon i to r s  with the s p a c e c r a f t  t e m p e r a t u r e  m o n i t o r s  will be main ta ined  
during e x p o s u r e s  in  which t e m p e r a t u r e  is a fac tor .  

This  plot of the t e m p e r a t u r e  p a r a m e t e r s  then becomes a c a l i b r a -  
tion f o r  u s e  during so la r  s imulat ion and orbit .  

Six sequent ia l  values of PP15, the Galact ic  Noise sweep m o n i t o r  
will be  r e c o r d e d  on the P e r f o r m a n c e  P a r a m e t e r  Data Sheet conve r t ed  
f r o m  u s e c  to voltage values  and co r re l a t ed  with the hard l ine  str ip 
c h a r t  and X - Y  plot moni tor  of the Galactic Noise Sweep. 

T h e  following channel  8 p a r a m e t e r s  should c o r r e l a t e  d i r e c t l y  
with the r e spec t ive  h a r d w i r e  voltage and cu r ren t  m e a s u r e m e n t s :  

PP3 - EHT Moni tor  
0 

P P 4  - + 15 volts  

PP9 - Solar  Padd le  C u r r e n t s  

PPlO - B a t t e r y  C u r r e n t  

P P 7  - Unreg.  Bus  

P P 8  - t 1 2 m o n .  

PP15 - GN Sweep 

E lec t ron ic  T e s t  T e a m  

' T o  prof ic ien t ly  implement  the following test procedures ,  p e r f o r m  
the e l e c t r i c a l  t e s t s  on the spacec ra f t ,  and a s s i m u l a t e  and evaluate  
meaningful  d a t a ;  a n  E lec t ron ic s  T e s t  T e a m ,  unde r  the d i rec t ion  of a n  
E lec t ron ic s  T e s t  Conductor ,  who r e p o r t s  d i r e c t l y  to the P r o j e c t  
Office a n d  the  T&E Coordina tor ,  is n e c e s s a r y  to maintain an  o rgan ized  
effort  throughout the envi ronmenta l  s e r i e s .  T h e  t e s t  t e a m  is composed 
of capable  personnel  ass igned  to the S-52 pro jec t  who m a y  or ig ina te  
f r o m  the Elec t ronics  T e s t  B r a n c h ,  E x p e r i m e n t e r  Group,  Design 
Group,  S y s t e m s  Integrat ion Branch  or  Con t rac to r  personnel .  Obviously, 
a compos i t e  t e a m  has  the advantage of ful l  capabili ty in a l l  p h a s e s  of ~ 

spacec ra f t  t es t ing  der ived f r o m  the collective experience of all 
m e m b e r s .  T h e  t e a m  m e m b e r s  will be ro ta ted  between the ground 
s ta t ion and the t e s t  a r e a  to develop and maintain the capabili ty and 
flexibil i ty to  handle any circi imstance which m a y  a r i s e  a s  requi red  by 
t h e  i d iosync ras i e s  of spacec ra f t  testing. 

0 
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In o r d e r  to maintain continuity of the t e s t  effort ,  it i s  -*equired 
that  no td i ca t ion  f o r  spec ia l  t e s t s  or var i a t ions  in t h e  t e s t  p r o c e d u r e s  be 
coord ina ted  through the E lec t ron ic s  T e s t  Conductor.  For the purpose  
of a s s ign ing  a r e a s  of respons ib i l i t i es  to team m e m b e r s  during t e s t  
p e r i o d s ,  the fol lowing organiza t iona l  c h a r t  is given. 

E lec t ron ic s  T e s t  T e a m  

Pos i t ion  Ti t le  

E l e c t r o n i c s  T e s t  Conductor  

S p a c e c r a f t  T e s t  & Contro l  

A r e a  M o n i t o r  

Ground Stat ion Monitor 

Data C e n t r a l  Monitor  

T r a i l e r  M o n i t o r  
( P o r t a b l e  Ground Station) 

Data Recorder 

Symbal A s s i g n e d  A r e a  

ETC A 11 

STC Test Area 

AM Test A r e a  

GSM Ground Station 

DCM D a t a  C e n t r a l  

TM T r a i l e r  

DR Ground Station 

A l i s t  of coordinat ing test t e a m s  follows t o  provide a composi te  
view of the  o v e r a l l  effor t  employed i n  spacec ra f t  testing. . 

Pos i t ion  T i t l e  

E x p e r i m e n t e r s  

T e  s t  Conductor  
(T&E Coord ina to r )  

Sy s tern s Enginee r  
( P r o j e c t  Office) 

Coordinat ing T e s t  T e a m s  

Symbol Assigned A r e a  

EXP A l l  

TC . A l l  

SE A l l  

Condit ion T e s t  Conductor  CTC T e s t  A r e a  as Applicable 

Mechanica l  Engineer  M E  T e s t  Area 

Spacec ra f t  Mechanic  S M  With Spacecraf t  
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MODULE A 

Module A Data Sheet ,  shown on page 1 1 2 ,  p rov ides  f o r  t he  
r e c  0rdir.g of a l l  in te rna l  S p a c e c r a f t  s y s t e m  vol tages  ava i lab le  a t  the  
Monitor  Pane l .  
d ig i ta l  vo l tme te r .  
c u r r e n t  off t o  min imize  the e f f e c t s  of ground c u r r e n t s .  
t r a n s m i t t e r  power ,  f requency  and  the o n e - y e a r  t i m e r  c u r r e n t s  are 
r e c o r d e d  in the Module A Data Sheet .  

-411 m e a s u r e m e n t s  a r e  made  with an i so l a t ed  input 
A l l  s y s t e m  voltages are r e c o r d e d  with the charg ing  

In addition, t h e  

T h e  Module A Data Sheet  des igna tes  the Moni to r  Panel pin  
(Synonym ous ‘H’ i th the Space c raft i n s  t rum en ta t i on pin de  s ignat i ons) on 
which the  desc r ibed  vol tages  a r e  found and the  high and low t o l e rance  
within which the voltage should be.  
in t he i r  a p p r o p r i a t e  s p a c e s .  
t h e  a t tenuat ion used  between the Spacecraf t  and  the  m e a s u r i n g  n s t r u -  
m e n t s  a r e  r e c o r d e d  unde r  “Method of T e s t . ”  

The m e a s u r e d  va lues  a r e  e c o r d e d  
T h e  length and type  of coax cable a n d  

MODULE A - PROCEDURE 

Check  of Spacecraf t  S y s t e m  Vol tages :  

a. 

b. 

T u r n  off Spacec ra f t  cha rg ing  voltage. 

Check ca l ibra t ion  of i so l a t ed  input d ig i ta l  vo l tme te r .  

c. Connect  negat ive l e a d  of Digital v o l t m e t e r  input t o  pin 25 on 
the  Monitor Panel. 

M e a s u r e  and  r e c o r d  the d - c  voltage va lues  in the  Mbdule A 
Data Shee t  

d. 

(1)  If avai lab le ,  o p e r a t e  the Automatic  P r o g r a m m a b l e  
Scanner  t o  obtain a printout of the s y s t e m  vol tages .  

( 2 )  R e c o r d  the  d a t e  and the Env i ronmen ta l  T e s t  Code  on the 
tape  and a t t ach  to the Module A Data Sheet.  

e. M e a s u r e  and r e c o r d  the ampli tude and f r e q u e n c y  of the  1 5  VAC 
on t h e  scope  and coun te r  respect ively.  

( 1 )  Chan. A input p i n s  8 and 42. 

. 

( 2 )  Sc opt . C’ rt .  output to Counter input f requency .  
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Check of One-Year Timer C u r r e n t s :  

f .  Using Simpson 269 as m i c r o a m m e t e r  between C l ?  and 25  and 
C20 and 25,  m e a s u r e  and r e c o r d  r e spec t ive  one -yea r  T i m e r  c u r r e n t s .  

Check of T r a n s m i t t e r  Power  & Frequency:  

g.  Measure and r e c o r d  t r a n s m i t t e r  p o w e r .  Under "Method of 
T e s t , "  r e c o r d  t y p e  and length of cable and at tenuat ion used. 

(1 )  Check power m e t e r  z e r o  before  connect ion for m e a s u r e m e n t .  

M e a s u r e  and r e c o r d  t r a n s m i t t e r  f requency .  

(1) Check  counter ca l ibra t ion  pr ior  to m e a s u r e m e n t .  

h. 
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MODULE A1 

Module A1 a l s o  p rov ides  f o r  the m e a s u r e m e n t  and  r e c o r d i n g  of the  
Spacec ia f t  s y s t e m  vol tages ,  t r a n s m i t t e r  power  and  f r e q u e n c y  and  i n  
addition, a r eco rd ing  of the Hig5 Speed and Low Speed S y n c  and  the 
p e r f o r m a n c e  Pa rarne t e r  s .  . .  

hlodule A1 i s  no rma l ly  p e r f o r m e d  e v e r y  h o u r  the  S p a c e c r a f t  i s  in 
. .  continuous opera t ion .  T h i s  provides  a prof i le  of Spacec ra f t  p e r f o r m a n c e  

and readi ly  d isp lays  p e r f o r m a n c e  t r e n d s .  

MODULE A1 - PROCEDURE 
Check of Spacec ra f t  Sys t em Voltages:  

a.  See  Module A P r o c e d u r e  

Check of T r a n s m i t t e r  Power & Frequency:  

a. See  Module A P r o c e d u r e .  

Check of Spacec ra f t  Pe r fo rmance  P a r a m e t e r s :  

a. Adjust s y s t e m  cha rg ing  c u r r e n t  t o  the v a l u e  cons i s t en t  w i th  
the t e s t  m a d e ,  if appl icable .  

' b. M e a s u r e  and  r e c o r d  Bat t  c u r r e n t ,  cha rg ing  c u r r e n t  a n d  
c h a  r g ing voltage. 

c .  
Channel  8. 

O p e r a t e  the  ground s ta t ion for  a 30-second pr in tout  of Mode 1 

d. T i m e ,  Date and  Code the printout.  

e. Record the va lues  of the P e r f o r m a n c e  P a r a m e t e r s  in the  
appropr i a t e  s p a c e s  in  the P e r f o r m a n c e  P a r a m e t e r  Data Sheet .  

f .  R e c o r d  under  " R e m a r k s "  s i x  sequent ia l  va lues  of f r a m e  15  of 
Channel eight,  t h e  Galac t ic  Noise Sweep Monitor .  

g. Veri fy  that  the pe r fo rmance  p a r a m e t e r s  a r e  p r o p e r  with r e s p e c t  
to the spacec ra f t  ope ra t iona l  mode  and  exposure .  

h. C o r r e l a t e  the p e r f o r m a n c e  p a r a m e t e r  t e m p e r a t u r e  m e a s u r e m e n t s  
with the envi ronmenta l  t e m p e r a t u r e  m e a s u r e m e n t s  if appl icable .  

i. C o r r e l a t e  t h e  t e l e m e t r y  p e r f o r m a n c e  p a r a m e t e r  vo l tage  and  c u r -  
rent  m e a s u r e m e n t s  brith t h e  hard l ine  m e a s u r e m e n t s .  
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MODULE B 

Module B prov ides  f o r  the r eco rd ing  and evaluat ion of ava i lab le  
waveform measurerner l t s  which are indicat ive of the p r o p e r  opera t ion  
of the Spacec ra f t  t e l e m e t r y  and  record ing  s y s t e m .  
m e a s u r e d  values  a r e  a p p r o p r i a t e l y  r e c o r d e d  i n  the  Module B Data 
Sheet .  

The  des igna ted  

Typical  wave fo rm p a t t e r n s  r eco rded  a t  the Moni tor  Pane l ,  us ing  
the  provided scope probe ,  a r e  shown i n  Table 

A check  of the f r equenc ie s  in the high speed  sync  channels  is pro- 
vided b y  a pr intout  of ten  sequences  of channel  z e r o  (Mode 1) from 
which the a v e r a g e  va lues  a r e  c o m p a r e d  and  r e c o r d e d  in the Module B la , D a t a s h e e t .  

A m e a s u r e m e n t  of the 320. c p s  appl ied to the tape r e c o r d e r  is 
m a d e  f o r  c o r r e l a t i o n  with the 1 5 . 4  KC r e c o r d e d  dur ing  playback to  
provide  a n  indication of t ape  r e c o r d e r  speed.  

REFERENCE SETUPS FOR MODULE B 

Sync - 
(a )  Setup Osc i l lpscope  

Channel  A - DC Input 
Channel  B - DC Input 
Gain 
T r i g g e r  negat ive e x t e r n a l  on 
Sweep 1 /2 s e c  / c m  unt i l  t r i g g e r s  
Sweep I ms/crn 
Mode chopped 
I n c r e a s e  in tens i ty  if n e c e s s a r y  

(b )  M e a s u r e  and r e c o r d  d e l a y  of %from ( l e s s  than 5 ms) i n  0 Module A Data Sheet. 

( c )  R e c o r d  p e r i o d s  of 

( d )  E x e r c i s e  e n c o d e r  tuning fork k i l l .  

( e )  Repeat  s t e p s  (b) a n d  ( c ) .  

and  L. 
(if appl icable . )  

( f )  M e a s u r e  and r e c o r d  period of?. 
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8 1  and 0 2  M e a s u r e m e n t s  

A. Wavefo rm and Amplitude M e a s u r e m e n t s .  

1. T e s t  Scope Setup 

toge ther  . 

( a )  Channel  A input 01 (pin 24 on the Monitor  Panel) .  

(b)  Channel B input 8 2  (pin 41 on the Monitor Panel).  

( c )  Sweep 1 m s / c m .  

(d)  Amplitude volt /cm. 

( e )  T r i g g e r  internal .  

2. O b s e r v e  wavefo rms  a r e  p r o p e r  and r eco rd  amplitude.  

B. P h a s e  Different ia l  Measuremen t .  

PRECAUTION: P lace  input switch on counter  ( H P  523) on Sepa ra t e  
before  connect ing counter  t o  01 and 0 2  to p rec lude  shor t ing  the p h a s e s  

1. Coun te r  Setup ( H P  523CR) 

(a )  Coun te r  input switch on Separa te .  

(b) Funct ion se lec tor  on T i m e r  Interval  

( c )  T r i g g e r  Slope 

S t a r t Po s it i ve 
Stop Pos i t ive  

(d) T i m e  unit - usec 

(e) T r i g g e r  Level 

S t a r t  - posit ive (DC x 1) (0. 5 )  
Stop - posit ive (DC x 1) (0. 5 )  

2. Connect:  

01 (pin 24) into s t a r t  input 
0 2  (p in  4 1 )  into s top input 

. 

3 .  R e c o r d  counter  reading in  Module A Data Sheet, 
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4. Dete rmine  a n d  r e c o r d  phase  d i f fe rence  in Module A Data 
Sheet.  

Discussion: Since  the  f r e q u e n c y  of 01 and 82 is 100 c p s . ,  t h e i r  
per iods  a r e  10 mi l l i seconds .  

Then  360 d e g r e e s  is equal t o  10  mi l l i seconds .  The re fo re ,  90 
d e g r e e s  equal  to 2 .  5 mi l l i seconds .  

Hence ,  i f  82  went posi t ive exact ly  90' after 01 went posi t ive the 
counter  would r e a d  2. 5 mi l l i seconds .  

Conver se ly ,  a s  ano the r  example ,  if we had 2. 35  mil l i seconds  on the 
counter ,  this ind ica tes  0 2  l eads  01 by 0.15 mi l l i seconds .  Then  82 leads 
81 by (0.15 mi l l i s econds  . x 3.6 degrees )  equal  to 5.4O. 

5. D e t e r m i n e  and  r e c o r d  the s y m m e t r y  of phase  shift in the  
Module A Data  Sheet. 

( a )  In te rchange  81 and 0 2  input connect ions t o  counter  

02 to .start input 
61 t o  s t o p  input 

(b) T r i g g e r  leve l  

S t a r t  - negative (DC x 1) (0. 5) 
Stop - negat ive (DC x 1) (0. 5 )  

(c )  T r i g g e r  slope 

S t a r t  - negative 
S top  - negat ive 

6. R e c o r d  coun te r  reading  in Data Sheet .  

7. D e t e r m i n e  phase  difference and  record. 
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A check  of the  functions of undervoltage,  ba t te ry  switching, b a t t e r y  
charging and dumping a r e  provided i n  h4odule C.  
provides  f o r  appropr ia te ly  record ing  the m e a s u r e d  values .  

Module C Data  Shee t  

During ac tua l  18  hour undervoltage cycle ,  Module C1 Data Sheet  
is used a t  l e a s t  e v e r y  hour  to provide f o r  t h e  record ing  and evaluat ion 
of the p e r f o r m a n c e  of those p a r a m e t e r s  in operat ion.  - 

h4C)DULE C PROCEDURE 

I. Check  of Undervol tage & Bat t e ry  Switching: 

a. Setup counter  A (I-IP 523) on t ime in te rva l  to  m e a s u r e  UV Osc 
0 

I 

OPERATIONAL MODULE C 

I r a t e  1 per iod.  

b. 
2 period.  

Setup counter  B (HP 523) on t ime in te rva l  t o  m e a s u r e  UV r a t e  

c. Setup digi ta l  vo l tmeter  ( H P  405) and a s soc ia t ed  p r i n t e r ,  i f  used,  
to mon i to r  and r e c o r d  s y s t e m  voltage at Moni tor  Pane l ,  pin 46. . 

d. 

e .  

C h e c k  cal ibrat ion of digital  vol tmeter .  

Se t  the c u r r e n t  l imit  of ex terna l  power suppl ies  A a n d  B to 
I 3 / 4  a m p e r e s .  

f .  
volt  6 .  

g. 

Se t  output vol tages  of ex te rna l  power suppl ies  A and B to  14. 0 

Se t  up S-52 cont ro l  panel: 

1. Funct ion  switch on Externa l  A and B. 
2 .  Undervol tage osc i l la tor  speedup off. 

h. Ver i fy  Spacec ra f t  s y s t e m  operating on e x t e r n a l  power  supply A 
(load c u r r e n t  indicated on Ex te rna l  Power  supply A pane l  m e t e r .  ) 

i. R e s e t  all counters .  

j. Moni tor  digi ta l  vo l tmeter  displaying Spacecraf t  s y s t e m  voltage 
t o  d e t e r m i n e  potential  at which Undervoltage occur s .  

I 

k. Slowly lower  ex te rna l  power supply A output vol tage in 0. 1 volt  
i n c r e m e n t s  dwelling about five seconds a t  e a c h  increment .  

1. O b s e r v e  and r e c o r d  the Spacecraf t  s y s t e m  voltage a t  the l o s s  

~ 

of fu l l  load Spacecraf t  s y s t e m  c u r r e n t .  
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m.  O b s e r v e  that a l l  Undervoltage c o u n t e r s  a r e  ope ra t ing .  

n.  R e c o r d  ave rage  of t h ree  consecut ive per iod m e a s u r e m e n t s  of 
each  undervol tage osc i l la tor  r a t e s  1 and  2. 

0. Veri fy  that  all Spacec ra f t  s y s t e m  voltages a r e  Z e r o  except  t 15 
volts D.C. a n d  15.0 vol t s  A.C. 

p.  P l a c e  undervol tage speedup of O s c  1 "ON". ( P e r i o d  of t h e  
o sc i l l a to r  wil l  change t o  0 . 4  seconds .  ) Record  speedup pe r iod .  

q. O b s e r v e  and  r e c o r d  that in about  f ive minutes  the Spacec ra f t  
r e t u r n s  to  n o r m a l  opera t ion  and a l l  Spacec ra f t  s y s t e m  vol tages  a r e  
p r e s e n t  and p rope r .  

r .  Check and r e c o r d  the Spacecraf t  sys tem switched f r o m  ex te rna l  
power supply A to  B (Spacecraf t  s y s t e m  c u r r e n t  d i sp layed  on E x t e r n a l  
power  supply A pane l  m e t e r ) .  

s. 

t. 

Re tu rn  e x t e r n a l  power supply A t o  14 .0  volts.  

D e p r e s s  UV Rese t  t o  r e s e t  o s c  r a t e  2 

u. Repea t  s t e p s  ( i )  through ( o ) ,  us ing  e x t e r n a l  P o w e r  Supply B and  
c h e c k  tha t  the r ead ings  a r e  s a m e  a s  the  r e c o r d e d  values .  

11. Check  of B a t t e r y  Switching: 

a. Status:  In undervol tage on E x t e r n a l  Power  Supply A ,  load c u r r e n t  
ind ica ted  on p a n e l  m e t e r .  

b. 

c. 

d.  

e. 

Set  E x t e r n a l  P o w e r  Supply B t o  1 4 . 0  volts. 

Re tu rn  Digital  vo l tmeter  to  pin 46 on Monitor Pane l .  

Slowly lower  Ex te rna l  P o w e r  Supply A output vol tage.  

Obse rve  and r e c o r d  the Spacec ra f t  s y s t e m  vol tage at the change  
of s y s t e m  load c u r r e n t  to Externa l  P o w e r  Supply B. 

Record  the  switching potential  f r o m  A t o  B. 

Se t  E x t e r n a l  Power 'Supply A to 14.0 volts. 

Slowly lower  E x t e r n a l  Power  Supply B output iroltage 

Obse rve  and r e c o r d  the Spacec ra f t  s y s t e m  vol tage a t  pin 46 o n  
Moni to r  P a n e l  a t  the Change of s y s t e m  load c u r r e n t  t o  E x t e r n a l  power  
supply A. 

f .  

g. 

h. 

. i. 
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j .  

k. 

R e c o r d  the switching potent ia l  f r o m  B t o  A. 

R e s e t  Ex te rna l  P o w e r  Supply B to 14. 0 vol ts .  

111. Conclusion of UV Test :  

a. Set  o s c  r a t e  2 in speedup. 

b. P l a c e  Undervol tage speedup of Osc r a t e  2 "ON". 
c .  Observe  and r e c o r d  that in approximate ly  f i v e  minu te s  the 

Spacec ra f t  r e t u r n s  t o  n o r m a l  operat ion and that all spacec ra f t  s y s t e m  
vol tages  a r e  p r e s e n t  and p rope r .  

d. R e s e t  Osc Rate  1 .  

IV. Dumping 

Precaut ion:  Th i s  m e a s u r e m e n t  i s  above  Spacec ra f t  ground of 
common  r e t u r n ,  therefore ,  the digi ta l  vo l tme te r  and p r i n t e r  m u s t  be a 
comple te ly  . isolated (floating) e l e c t r i c a l  s y s t e m  t o  p rec lude  damage to 
Spacec ra f t  c i r cu i t ry .  T h e  ground s t r a p  on the digi ta l  vo l tme te r  shall 
- not be connected to the  negative input t e rmina l .  
if used, shall be an  i so la ted  unit such as a n  HP 561 pr in t e r .  

The  a s soc ia t ed  p r in t e r ,  

a. 

b. 

Se t  the  c u r r e n t  l imi t  of ex te rna l  power  supply A to one ampere. 

Connect  digi ta l  vo l tme te r  to S-52 Cont ro l  P a n e l  j a c k s  Jll ( - )  
and J10 (t). 

c. P l a c e  Spacecraf t  on  in t e rna l  b a t t e r i e s  (S-52 cont ro l  panel  func- 
tion swi t ch  on A and  B.) 

d. Slowly r a i s e  the voltage of ex te rna l  power supply A unti l  a 
c u r r e n t  of one a m p e r e  is  being supplied t o  the Spacec ra f t  s y s t e m  as 
noted on charg ing  c u r r e n t  m e t e r  on S-52 c o n t r o l  panel. 

e. M e a s u r e  and  Record: 

1 .  Solar  Paddle  Voltage 
e 

2. Bat t e ry  A charg ing  c u r r e n t .  
3 .  
4 .  

Bat t e ry  B T r i c k l e  charging c u r r e n t .  
Voltage d r o p  a c r o s s  dumping r e s i s t o r  A f r o m  jack J 5  (t) to 

j ack  J.1 ( -  above ground) on the S-52 cont ro l  panel  (about 5 vol ts  a c r o s s  
10 ohms,  t h e r e f o r e  500 ma).  

. 
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a -  

- 

5. Voltage d r o p  a c r o s s  dumping r e s i s t o r  B f r o m  jack 35 (t) to 
jack J6  ( -  above ground) on S - 5 2  control  panel (about 5 volts a c r o s s  10 
ohms ,  therefore  500 ma). 

f .  Verify that the sum of the  Spacecraf t  s y s t e m  c u r r e n t ,  the dump- 
ing  c u r r e n t s ,  and the charg ing  c u r r e n t s  equal  the Spacecraf t  input 
c u r  r en t .  

g. Repeat  s t e p s  (a) to ( f )  a t  two a m p e r e s .  

h. Readjust  A t o  the required input and r e c o r d  s y s t e m s  c u r r e n t .  

i. T u r n  charging c u r r e n t  t o  OFF position. O b s e r v e  and r e c o r d  
the s y s t e m  c u r r e n t  and voltage. 

j. Turn  ON charg ing  cu r ren t  i f  r equi red .  
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OPERrlTJON.4L h4ODULE D 

The evaluation of the p e r f o r m a n c e  of the Spacec ra f t  T a p e  Record ing  
Sys tem is provided by M o d u l e  D. W i t h  the  except ion of t h e  r eco rd ing  
of known inputs to exper iments ,  for example ,  the m e a s u r e m e n t s  
r e c o r d e d  i n  Module D Data  Shee t  a r e  only ava i lab le  du r ing  the  Space -  
c r a f t  p layback  mode.  

Pe r iod ica l ly ,  during continuous testing, m e a s u r e d  inputs w i l l  be 
appl ied through t h e  e x p e r i m e n t s  and c o r r e l a t e d  aga ins t  t h e i r  r e spec t ive  
outputs r e c o v e r e d  dur ing  t h e  Spacecraf t  playback mode. 

A check of the Spacecraf t  tape r e c o r d e r  s p e e d  is m a d e  by m e a s u r e -  
men t  of the  320. 83 cps  (Module B) applied to the tape r e c o r d e r  and a - -  
c o m p a r i s o n  with the per iod  of t h e  15 .4  KC r e c o v e r e d  du r ing  t h e  play-  
back mode .  

M O D U L E  D - PROCEDURE 

1 .  Setup osci l loscope for m e a s u r e m e n t s  of 

Decoder  in 
Decoder  out 
T.R. P.B. 
XMTR MOD 

2. Setup Coun te r  f o r  m e a s u r e m e n t  of Osc per iod .  

3.  Setup s top  watch  f o r  P. B. T i m e .  

4. If r-f command obtain Command  Rece ive r  Sensit ivity.  

5. 
the Module D Data Sheet.  

O b s e r v e  and r e c o r d  the indicated m e a s u r e m e n t s  appropr i a t e ly  i n  

C o m m  and Rec  e ive r S e n s  i t ivi tv  

a. E n s u r e  Command  T r a n s m i t t e r  a t tenuator  is s e t  a t  maximum 
attenuation (132 db. ) 

b. T u r n  on p r i m a r y  A, C. power  to Command  T r a n s m i t t e r  chass i s .  

c .  Depress  Command button on Command T r a n s m i t t e r .  
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d. Obse rve  recept ion  of Command  a s  evidenced b y  b r e a k  in  tele- 
m e t r y  s igna l  followed by p r e s e n c e  of 320 c p s .  modula t ion  for 2 seconds  
and  then  the  playback t e l e m e t r y  modulation. 

e. R e c o r d  the settir,g of the ComrAiand T r a n s m i t t e r  a t t enua to r .  

NOTE: The  s a m e  r-f  cable in te rconnec t ing  
the  Command  T r a n s m i t t e r  and  the C o m m a n d  
R e c e i v e r  is  u s e d  fo r  all m e a s u r e m e n t s ;  except -  
t i ons  m u s t  b e  noted in t h e  module D Data Sheet .  

f .  If playback i s  not ini t ia ted,  r educe  the Command  T r a n s m i t t e r  
a t t enua to r  se t t ing  by 2 db. and a f t e r  a two minute  de l ay ,  r e p e a t  s t e p s  
f rom (d) above. 
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Onerational h3odule E 

b 

The evaluation of the pe r fo rmance  of P r o g r a m m e r  # 2  and the 
r e s p o n s e s  of the e x p e r i m e n t s  to  applied s t imul i  m a k e  u p  t e s t  Module E. 

The module is divided in to  t h r e e  t es t  sequences :  (a) P - 2  i n  Speed-  
up o r  N o r m a l  s u n r i s e  s imulat ion and functional outputs moni tored ;  (b) 
p - 2  in  Speedup cycle ,  s u n r i s e  simulation, functional outputs moni tored ,  
and data s to rage  and readout  cyc le  via t e l e m e t r y  and ha rd l ine ;  (c) P - 2  
i n  n o r m a l  110 minute  cyc le ,  sun r i se  s imulat ion,  funct ional  outputs 
monitored,  and data s t o r a g e  and readout  cyc le  v i a  t e l e m e t r y  and  ha rd -  
l ine.  The t e s t  s equences  a r e  modified to  e n v i r o n m e n t a l  conditions,  
e. g. no hard l ine  moni tor ing  during ro ta t ing  tests, e tc .  

Module E,  t e s t  A ver i f i e s ,  via hard l ine ,  the opera t ion  of the H.S. 
and L. S. ga tes  which d e t e r m i n e  the encode r ' s  mode of operat ion,  and 
p r e s e n c e  of t h e  foil  advance  pulse to t h e  m i c r o m e t e o r o i d  exper iment .  
See F i g u r e  2 - 4 4  "Sequence of Operat ional  Modes";  s e e  alsp Module E 
Data Sheet. 

T e s t  B, p e r f o r m e d  with P - 2  in  speedup  cyc le ,  i n  addi t ion to those 
p a r a m e t e r s  obse rved  in t e s t  A, obse rves :  
expe r imen t s  a s  these  a r e  s t imula ted ;  the opera t ion  of the  da ta  s t o r a g e  
and playback funct ions;  and the  t e l eme t ry  f o r m a t  a t  the ground station. 
Data i s  t r ansmi t t ed  via R. F. t e l eme t ry  f o r m a t  t o  the ground s ta t ion ,  
and via hard l ine  t o  ad jacent  instrumentat ion.  F r e q u e n t  c o m p a r i s o n s  
of concur ren t  da ta  s a m p l e s  obtained v ia  hard l ine  and  t e l e m e t r y  aid in 
es tabl ishing a continuous indication of da ta  col lect ion e f fec t iveness .  
See F i g u r e s  2-44, 2-45, 2-46, 2-47, 2-48 and 2-49. 

the p e r f o r m a n c e  of the 

T e s t  C i s  the s a m e  as t e s t  B with P r o g r a m m e r  #2 in "Normal"  
cyc le  instead of "Speedup". 
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T E S T  PROCEDURE, S -  52 

SeDaration Sys t em T e s t  Se t  

GENERAL DESCRIPTION 

* ’  . 
An S-  52 Sepa ra t ion  S y s t e m  test  s e t  p rov ides  f o r  tes t ing  the  p e r -  

f o r m a n c e  oi the S- 52 s e p a r a t i o n  s y s t e m  throughout  env i ronmen ta l  expo-  
s u r e s  and at the launch s i te .  

The 5 - 5 2  sepa ra t ion  s y s t e m  c o n s i s t s  of a p a i r  of ident ica l  inde-  
pendent s u b s y s t e m s  whose  e lec t ronic  t i m e r s  a r e  in i t ia ted  by s w i t c h e s  
ac tua ted  a t  the s e p a r a t i o n  of the launch vehicle  th i rd  and  fou r th  s t a g e s  
during fl ight.  E a c h  s u b s y s t e m  ba t te ry  supp l i e s  the e n e r g y  for o p e r a t -  
ing i ts  t i m e r  and  ac tua t ing  the redundantly wired propel lan t  devices .  
The  e lec t ronic  t i m e r s  connect the b a t t e r i e s  to the var ious  p rope l l an t  
dev ices  a t  the p r o p e r  t i m e s  to  p e r m i t  t h e  funct ions of desp in ,  boom 
e rec t ion ,  paddle e r e c t i o n ,  and sepa ra t ion  of t he  S-52 s p a c e c r a f t  f r o m  
the launch  vehicle .  

The S-52 sepa ra t ion  s y s t e m  t e s t  s e t  p rov ides  for: 

a. Simulat ion of the init iation swi t ches  

b. 

c .  

Continuous m e t e r i n g  of each  b a t t e r y  voltage. 

M e a s u r e m e n t  of the t ime i n t e r v a l s  f r o m  ini t ia t ion t o  p e r f o r -  
m a n c e  of each of the  f o u r  funct ions of desp in ,  boom r e l e a s e ,  paddle  
r e l e a s e ,  and sepa ra t ion .  

d. 
f i r i n g  pulses .  

Monitor ing the p r e s e n c e  of all propel lan t  device  b r idge  wi r ing  

e. 

f .  

h loni tor ing t h e  p r o p e r  sequence  of events .  

Continuously moni tor ing  the  suscept ib i l i ty  of the  S-  52 s e p a r a t i o n  
s y s t e m  c i r c u i t r y  t o  e lec t romagnet ic  and  e l e c t r o s t a t i c  t r a n s i e n t  i m p u l s e s .  

The phys ica l  desc r ip t ion ,  c i r c u i t  opera t ion ,  a n d  t e s t  p r o c e d u r e  for 
u s e  of the S-52 sepa ra t ion  s y s t e m  t e s t  s e t  a r e  given here in .  
f ab r i ca t ion  of the  t e s t  s e t  is pending component  de l ive ry .  

Comple t e  
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P H Y S I C A L  DZSCRIPTION 

The por tab le  t e s t  se t  shown in F igu re  2-50 f o r  u s e  with the  5 - 5 2  
sepa ra t ion  s y s t e m  will be housed in an  aluminum su i t case  a p p m x i m a t e l y  
20" X 18" X 3" and weigh about 12 t o  1 5  pounds. 

The t e s t  s e t  will cons i s t  of a p a i r  of duplicate independent t e s t  un i t s  
combined beneath a divided instrumentat ion panel mounted in the su i t -  
ca se .  The  p u r p o s e  of this layout is t o  faci l i ta te  independently tes t ing  
e i the r  S- 52 separa t ion  s y s t e m  subsys t em or s imultaneously t e s t ing  
both s u b s y s t e m s .  

4 

E a c h  t e s t  unit will cons is t  of a n  initiation switch,  a t e s t  ind ica tor  
lamp,  a vo l tme te r ,  a bat tery,  fou r  elapsed t ime m e t e r s ,  a t i m e r  speed-  
up switch,  e igh tb r idge  w i r e  indicator  lamps ,  a r e s e t  switch,  and six- 
t een  he rme t i ca l ly  sealed re lays .  

@ 

The t e s t  unit ba t te ry  supplies the power for operat ing the e lapsed  
t ime  m e t e r s  and indicator  lamps .  
S - 5 2  sepa ra t ion  s y s t e m  to ope ra t e  the vol tmeter  and pulse  the t e s t  s e t  
r e l ays .  
device br idge  w i r e s  in tes t .  

Negligible e n e r g y  i s  r equ i r ed  of the 

T h e  co i l s  of the t e s t  s e t  r e l a y s  subst i tute  for the propel lan t  

Cab les  extend f rom the t e s t  set t o  the S -52  Separa t ion  s y s t e m  and 
provide the connections for the s imulated init iation swi tches  a n d  all 
of the t i m e r  output f i r ing pulses  t o  the propel lant  device b r idge  wires. 

. .. . ~ . .- . _  . -  . .. .-. ... -. - .. . 



TEST PROCEDURE,  S- 52 _-_-- 

Separa t ion  Sys t em 

S ta tus  - 
1. Shor t ing  plug P505 installed.  

2 .  

3 .  

B a t t e r y  Connectors  P503 and P504 disconnected.  

All o the r  connec to r s  a r e  disconnected.  

T e s t  Set 

Sta tus  - 

1. 

2. Init iation swi tches  off. 

3 .  T e s t  s e t  swi t ches  off. 

All i n t e rva l  t i m e r  m e t e r s  r e s e t  to z e r o  by thumb dial .  

P r o c e d u r e  - 
F o r  ex te rna l  power,  connect ex te rna l  power supply through t e s t  set 

e x t e r n a l  power supply cable .  

Adjust  power supply f o r  12. 5 volts. 

F o r  in t e rna l  power ,  check ba t t e ry  supply volt a t  i n t e rna l - ex te rna l  
power  plug pin 4 ( - )  pin 1 (+) f o r  12. 5 f . 1 volt. 
power plug. 

I n s e r t  t e s t  set  i n t e r n a l  

Se tup  - 
T u r n  both power switches "ON" 

Actua te  both subsys t ems .  R e s e t  switches.  

Check  all br idge  wi re  indicator l amps .  D e p r e s s  all 16 l a m p s  i n  
t u r n  and obse rve  i l lumination. 
(Use thumb d ia l . )  

Ver i fy  all i n t e rva l  t i m e r s  r e s e t  t o  ze ro .  

Connect ions to Separa t ion  Sys t em - 
M a t e  the following t e s t  set  connec tors  with t h e i r  co r re spond ing  

r e c e p t a c l e s  on the Separat ion Sys tem.  
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. 
T e s t  Set  Pluy to  S c  p a  ra t ion  Sys t em 

P507 

P508 

P 509 

P 5 1 0  

P 5 1 1  

P 5 1 2  

P 5 1 3  

P 5 1 4  

5507 

J 508 

J 509 

5510 

5511 

5512 

J 513 

J 514 

N O T E :  If s p a c e c r a f t  i s  not joined t o S e p a r a -  
t ion  S y s t e m ,  connections to  desp in  c i r c u i t s  wil l  
be made a t  the f ly-away connec to r s  

P515A to J515A 

P516A to J516A 

. If s p a c e c r a f t  is  joined to  Sepa ra t ion  S y s t e m ,  connect ions to desp in  
c i r c u i t s  w i l l  b e  m a d e  through 

P515 to J515 

P516 to 551 6 

R e m o v e  Sys tem Shor t ing  p lug  P i 0 5 .  In se r t  Separa t ion  Sys t em 
Arming  p lug  P505. 

O b s e r v e  indicat ion of B a t t e r y  A and B a t t e r y  B voltage on r e spec t ive  
t e s t  s e t  m e t e r s .  0 th roughout  test. 

Th i s  vol tage shou ld  b e  14. 5 V. Obse rve  this voltage 

O b s e r v e  tha t  no t e s t  set ind ica to r s  a r e  l ighted a n d  that  no  in t e rva l  
t i m e r s  a r e  counting f o r  a p e r i o d  of 20 minutes .  

NOTE: T h i s  i s  c h c c k  of t r a n s i e n t  init iation 
and p r e s e n c e  of vol tage check. 

1 3 6  
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T e s t  Run - 

,-  

Ac t ua t e ini t ia t ion s w i t c  he s mom en t a  r i ly. 

NOTE: Obse rve  a f e w t e n t h s  ofa  Volt  change 
in b a t t e r y  voltage that  indicates  Separat ion t i m e r  
loading. 

NOTE: If only des i r ed  to check  one  s y s t e m  
a t  a t i m e ,  then only ac tua te  the swi tch  f o r  that  
sys t em.  

Ob se r v e  : 

1. 

2. 

Both t e s t  l ights  a r e  lighted on despin.  

In te rva l  t i m e r s  T1A and T1B only a r e  coanting. At end of 900 
seconds ,  O b s e r v e  

1. Behavior  of b a t t e r y  voltage a t  firing 

2. Illurnination of desp in  lights. 

3. In te rva l  t i m e r s  T l A  and T1B cease .  

4. In te rva l  t i m e r s  T 2 A  and T2B c o m m e n c e .  

A t  end of a p p r o x i m a t e l y  60 seconds,  observe :  

1. 

2. ' I l luminat ion of boom lights. 

3. 

4. 

Behavior  of ba t t e ry  vol tages  at  f i r i ng .  

In te rva l  t i m e r s  T2A and T2B stop. 

In te rva l  t i m e r s  T 3 A  and T3B s t a r t .  

At  end of addi t ional  60 seconds,  observe:  

1. Ba t t e ry  voltage.  

2. Padd le  l ights .  

3 .  P a d d l e  m e t e r s  stop. 

4. Separat ion Nut m e t e r s  s t a r t .  
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At e 

I -  

d of a f i n a l  60 seconds ,  obs 

1. B a t t e r y  voltage. 

2.  Padd le  l ights .  

3 .  Padd le  m e t e r s  s top .  
. I  

1 
Sta tus  - 

rv  

I 

4 

All i nd ica to r s  l ighted. Record  readings on m e t e r s  i n  da t a  shee t .  

900  s e c  *270 

6 0  s e c  k2 sec. 

B a t t e r y  voltage.  

R e s e t  t e s t  set .  

A t  l aunch  - 

R e s e t  SpS S y s t e m  by removing  P503 and  P504. 

Reconnect  P503 P504 to  a s s u r e  rese t .  
Disconnect  P503 P504 
Disconnect  P50 5 Arming  
Connect  P505 Shor t ing  
Disconnect  all t e s t  set w i r e s .  

Remove individual shor t ing  b a r s  f r o m  propel lan t  dev ices  one a t  a 
t ime .  Check  f o r  br idge  w i r e  R insulat ion wi th  i m p u l s e  c h e c k e r .  

R e c o r d  values .  Replace  if not within to l e rance .  Connect  t o  
Separa t ion  Sys t em a f t e r  e a c h  m e a s u r e m e n t .  Connect P503 and P504. 

A r m i n g  - 
111.7 
\ Remove P505 s h o r t i n g  

I n s e r t  P505 A r m i n g  

4 

+ 

I 
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